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ABSTRACT 
The conventional teacher-centered model of university teaching has been criticized 
for its inadequacy in meeting the challenge of our society today. Graduates are 
expected to be equipped with abilities to use, seek and create knowledge. 
Constructivist teaching is a promising alternative to teacher-centered teaching, but 
the amount of empirical research on constructivist teaching at the university level is 
sparse. Also, student learning process and higher-level learning outcomes have 
been neglected in previous studies. In view of these, a case study of an 
undergraduate course that incorporated both constructivist teaching and 
teacher-centered teaching was conducted. The learning processes and higher-level 
learning outcomes were examined through participant observation, interviews and 
student assignments. Two models of classroom processes, which portrayed the 
interaction between the professor and the students in the different teaching contexts, 
have been differentiated. Student learning was assessed in terms of their 
knowledge gain as well as the retention and use of the knowledge. In addition, 
students' feedback on the constructivist teaching was collected. The findings 
showed that both the constructivist teaching and the teacher-centered teaching helped 
students gain relevant knowledge. The constructivist teaching had the advantage of 
facilitating creation of knowledge, as students were allowed the time to think over 
the problems together and generate original ideas. Students' performances in 
, recalling, critiquing and generating with the knowledge gained in the constructivist 
teaching were also better than those in the teacher-centered teaching. This could be 
explained by the deeper processing of the material, the activation of students' prior 
knowledge and the similarity between the situations of knowledge construction and 
i 
knowledge application. However, many students opined that they were not used to 
the constmctivist teaching in comparison to teacher-centered teaching. The 
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University education has long been dominated by a notion of academic 
competence, which emphasizes the acquisition of a discrete body of specialized 
knowledge (Bamett, 1997; Thompson, 1997). Lecturing has been the prevailing 
method to transfer the knowledge accordingly (Brown & Atkins, 1990). This 
method is both economical and easy to manage, especially when there are a large 
number of students in a class, since the primary task is to deliver the talk and 
students are supposed to listen. 
However, this conventional model of university teaching becomes less relevant 
to the present context of our society, as there is a greater concentration on the linkage 
between higher education and the world of work (Candy, 1997; Jarvis, 1999). 
Graduates are expected to be equipped with the abilities to meet the challenge of the 
knowledge-based economy, and so the academic version of competence needs to be 
changed into a more operational one (Bamett, 1997). More pragmatic and 
action-oriented forms of knowing are being called for. Knowing the knowledge is 
not sufficient, but knowing how to practically use the knowledge so as to improve 
economic competitiveness and personal effectiveness is what seems to be necessary. 
Furthermore, new knowledge in the information age is being generated at a 
higher rate than ever before. People are creating new knowledge to be ahead of 
‘others, so "new" knowledge gained will easily become obsolete (Thompson, 1997). 
It is important to educate people on how to seek and create new knowledge in order 
to adapt to the changing demands of society, rather than only the "new" knowledge 
that is going to lag behind quickly. In short, society nowadays not only demands 
• . 
people who possess a fixed body of knowledge, but also people who can actively use, 
seek and create knowledge in handling pragmatic situations. 
Seemingly, lecturing, the conventional teaching method used at university, does 
not fit into this context. Lecturing is a teacher-centered method in which the 
teacher dominates by presenting what is to be learned to students. This model of 
teaching has been criticized for inhibiting intellectual development and making 
students leam by rote (Curzon, 1990; Jackson & Prosser，1989). In contrast to 
teacher-centered teaching, there has been a noticeable emphasis on student-centered 
teaching. It is believed that student-centered teaching allows students to take up 
more responsibility for deciding what and how to leam, so that they can play an 
active role in their learning and achieve higher-level learning outcomes. In fact, 
there are sound educational theories supporting student-centered teaching. 
Constructivism is one of the most important theories which advocate 
student-centered teaching (Driscoll, 2000; Woolfolk, 1995). Siding with the 
student-centered camp, constructivist teaching, the teaching approach that applies the 
theory of constructivism, is an alternative to the conventional teacher-centered 
teaching. 
The aim of the present study is to investigate empirically the differences 
between teacher-centered teaching and constructivist teaching at university. Since 
the amount of empirical research on applying constructivism to university teaching is 
‘limited, little is known about how constructivism, as an alternative to 
teacher-centered teaching，could practically make a difference in university teaching 
in relation to the social demands. A case study of a university course incorporating 
both constructivist teaching and teacher-centered teaching was conducted. By 
• . 
comparing the teaching and learning of teacher-centered teaching and constructivist 
teaching, the potential value of constructivist teaching to university education was 
evaluated. 
• . 
II. REVffiW OF LITERATURE 
In this chapter, the theory of constructivism is first reviewed. It is followed by 
a critique of the previous studies of constmctivist teaching at the university level. 
The Theory of Constructivism 
Constructivism is based on the work of a number of educators, such as John 
Dewey, Jean Piaget and Lev \^gotsky (Driscoll，2000; Slavin, 1994; Woolfolk, 
1995). It is an evolving theory that exists in many different forms (Geelan, 1997; 
Oxford, 1997). However, there are general features of its philosophy and 
psychology that make it distinctive in comparison with the conventional 
teacher-centered approach. — 
From the Teacher-centered to Constructivism 
The difference between teacher-centered teaching and constmctivist teaching 
can be understood in respect of their epistemological assumptions and approaches to 
teaching. The epistemological assumption of teacher-centered teaching is 
empiricist. Knowledge is obtained by observing the world, which is structured in 
terms of entities, properties and relations (Duffy & Jonassen, 1991). When a 
concept is empirically proved that it matches up to the observation of the world, it 
becomes well-founded knowledge. Because the essential properties of objects in 
• the structured world are relatively unchanging, knowledge is stable and can be 
passed on from one person to another (Jonassen, 1991a). The explicit goal of 
teacher-centered teaching is to transfer the knowledge across efficiently (Jonassen, 
• . 
1991b). Teachers teach when they tells students the knowledge and students leam 
when they remember the knowledge the teacher tells in their minds. 
Some writers refer to these assumptions of teacher-centered teaching as 
"objectivism." “Objectivism，，was first used by Lakoff (1987) in his study of 
linguistics, and it was then adapted by some advocates of constructivism. For 
instance, Jonassen (1991b) contended that objectivism and constructivism are polar 
extremes on a continuum of theoretical orientation to teaching and learning. But 
some other writers argued that objectivism was just a straw man, as no one ever 
claimed to be an "objectivist" (Molenda, 1991). In fact, teacher-centered teaching 
is neither an emphasis nor a proposition, but a label used to describe the 
conventional practice in contrast to the advocacy of student-centered teaching. 
Teacher-centered and student-centered are generic terms used to describe the trend in 
teaching, but they are not theories that explain how teaching and learning work. 
Despite the problem with the validity of "objectivism," constructivism opposes the 
epistemological assumption and the teaching approach of teacher-centered teaching. 
Constructivism holds a relativist epistemological assumption. Constructivism 
argues if there could be universal truth, because meaning is imposed on the world by 
human beings, rather than existing in the world independently of us (Duffy & 
Jonassen, 1991). There are many meanings or perspectives for any event or 
observation, so everyone seems to have constructed their own body of knowledge 
and there could hardly be a stable body of knowledge that exists independently. 
This view of knowledge does not necessarily deny the existence of a real world，but 
contends that our knowledge of the world inevitably involves interpretations of our 
experience (Bednar, Cunningham, Duffy, & Perry, 1992). 
• . 
Constructivists generally agree on two principles, although there are various 
positions on constructivism (Gadanidis, 1994). The first principle is that knowledge 
is actively constructed by the learner. The key difference of the various forms of 
constructivism is their relative emphases on individual and social construction of 
knowledge. Radical constructivism and social constructivism are two typical 
examples that are most commonly cited in the literature (Ernest, 1995). Radical 
constructivism emphasizes on the construction of knowledge in an individual mind; 
knowledge construction is largely a result of individual effort. Social 
constructivism emphasizes the influence of social interaction between the learner and 
other parties in the learning environment; knowledge construction is a result of social 
effort. 
The second principle is that learning or gaining knowledge is a process of 
adapting to the world as experienced by the learner. Knowledge is developed 
when the learners fail to use their existing knowledge in handling problems they 
experience, as they have to adapt or construct and reconstruct their knowledge in 
order to solve the problems. Learners have their own interpretations of their 
experiences and construct their own knowledge. The importance of the knowledge 
constructed is not about its consistency with the reality or its sameness with one 
another, but its usefulness in tackling problems that arise, so in terms of Dewey's 
instrumentalism, knowledge is pragmatic (Tobin & Tippins，1993). 
Constructivism emphasizes that learners construct meaning in an active way, as 
they filter and interpret experience, and construct knowledge by themselves, and 
teaching is to assist students in finding their own misconceptions and help students 
creatively develop better constructs of the world (Oxford, 1997). So constructivist 
• . 
teaching is characterized by students' active participation in class when they 
construct knowledge. The focus shifts from teacher transferring knowledge to 
students constructing knowledge by themselves, that is, from teacher-centered to 
student-centered. 
In consideration of the epistemological assumptions, teacher-centered teaching 
and constructivism are very different, if not incompatible. Teacher-centered 
teaching presumes that knowledge is truth to be copied by learners, while 
constructivism emphasizes that knowledge is to be constructed by learners. 
Osborne (1996) pointed out that there is a desire to escape the idea of "absolute 
truth" at the heart of many radical constructivists, although this is not explicitly 
stated. There are educators who find this orientation of constructivism difficult to 
accept (Willis, 1998). It has been conventional that the teacher is the one who 
transmits "correct" knowledge to students, but constructivism plays down both the 
importance of correctness of knowledge and the authority of teachers, as it draws 
attention to the pragmatic value of knowledge as well as the construction of 
knowledge by learners. They argue that if different parties have their own 
perceptions of the world, the "truth" will lose its absolute correctness, and the world 
will result in confusion when everyone believes they are right. They are not 
satisfied with the concept of pragmatic validity that truth is what works. The role 
of teachers becomes confused if the knowledge they are now teaching is not definite 
but unreliably dependent on the learners' experiences as they construct the 
knowledge. 
A number of writers, like Ernest (1995), Osborne (1996) and Willis (1998), 
attempted to moderate the debate and make a pedagogical compromise between the 
• . 
opponents and proponents of constructivism. They suggested a pluralist or eclectic 
approach to pedagogy, as they argued that learning is too complex to adopt one 
single approach, but requires the use of different approaches at different times in 
order to suit the different needs and situations. Constructivism is considered as a 
means to an end of offering knowledge to learners and not to the exclusion of 
teacher-centered teaching (Ernest, 1995). A reflective selection of appropriate 
theories and perspectives for the goal, the right tool for the job, is a more powerful 
approach (Solomon, 1994). This assertion seems practical and realistic, and the 
issue of the incompatibility between teacher-centered teaching and constructivism in 
terms of the assumptions about epistemology and teaching has been put aside. 
So the job at hand right now seems to be promoting a broader range of learning 
outcomes, in particular, those higher-order skills that are not receiving sufficient 
emphasis in the conventional teaching (Airasian & Walsh, 1997). Constructivist 
teaching can be a right tool to use. 
Constructivist Teaching 
Constructivist teaching is almost as generic as student-centered teaching. 
Constructivist teaching is student-centered, since its doctrine is the construction of 
knowledge by the students in adapting to their experiences. A number of • 
student-centered teaching models are very close to the idea of constructivist teaching, 
for instance, individualized instruction，discovery learning, problem-based learning 
and etc. But constructivism is more than a teaching model but a theory with its 
own view on epistemology, teaching and learning. Strictly speaking, constructivist 
teaching is the application of the theory of constructivism in pedagogy. Those 
. 8 
student-centered teaching models might not necessarily have the same theoretical 
orientation of constructivism. 
Cunningham (1991) asserted that the aim of constmctivist teaching is to "show 
students how to construct knowledge, to promote collaboration with others, to show 
the multiple perspectives that can be brought to bear on a particular problem, and to 
arrive at self-chosen positions to which they can commit themselves, while realizing 
the basis of other views with which they may disagree." The spirit of constmctivist 
teaching is the emphases on construction as opposed to instruction, autonomy as 
opposed to conformity, and interest as opposed to rote learning (DeVries & Kohlberg， 
1987). A range of guidelines for constmctivist teaching was suggested by 
constructivists. Brooks and Brooks (1993) in their book, In Search of 
Understanding: The Case of Constmctivist Classroom, provided a thorough 
description of the guidelines on the practice of constmctivist teaching. Their book 
focused on five guiding principles of constmctivist teaching and thirteen 
constmctivist teaching behaviors (see Table 1). The five principles were: (1) 
posing problems of emerging relevance to learners; (2) structuring learning around 
primary concepts; (3) seeking and valuing students' points of view; (4) adapting 
curriculum to address students' suppositions; and (5) assessing student learning in 
the context of teaching. These principles were reviewed and adapted as follows: 
Posing problems of emerging relevance to students. 
Constmctivist teaching is more than a teaching model, but involves the 
curriculum as a whole. Based on the principle that learning is to adapt to the world 
the learner experiences, the relevance of the knowledge to the students is the main 
criterion for selecting topics. The knowledge or content that is to be covered 
• . 
should be relevant and useful to the students' experiences. However, relevance 
does not have to be pre-existing for the students, relevance can emerge through 
teacher mediation. A topic alone may have little relevance to the students, for 
example, motion and mechanics, but the knowledge can be posed as a real problem, 
like a car accident, which will become relevant to the students. Learning should be 
situated in real world context that is relevant to the learners (Jonnassen, 1991b). 
Table 1 
Constructivist teaching behaviours (Brooks & Brooks, 1993) 
1. Constructivist teachers encourage and accept student autonomy and initiative. 
2. Constructivist teachers use raw data and primary sources, along with manipulative, interactive, 
and physical materials. 
3. Constructivist teachers when framing tasks, use cognitive terminology such as "classify," 
"analyze," "predict," and "create." 
4. Constructivist teachers allow student responses to drive lessons, shift instructional strategies, and 
alter content. 
5. Constructivist teachers inquire about students understandings of concepts before sharing their 
own understandings of those concepts. 
6. Constructivist teachers encourage students to engage in dialogue, both with the teacher and with 
one another. 
7. Constructivist teachers encourage student inquiry by asking thoughtful, open-ended questions 
and encouraging students to ask questions of each other. 
8. Constructivist teachers seek elaboration of students' initial responses. 
9. Constructivist teachers engage students in experiences that might engender contradictions to 
their initial hypotheses and then encourage discussion. 
10. Constructivist teachers allow wait time after posing questions. 
11. Constructivist teachers provide time for students to construct relationships and create metaphors. 
12. Constructivist teachers nurture students' natural curiosity through frequent use of the learning 
cycle model (discovery - concept introduction - concept application). 
Structuring concepts from whole to part. 
Problems in real world are complex, so when designing curriculum, 
constructivist teachers try to organize information around conceptual clusters of 
• . 
problems, questions and discrepant situations. Constructivist teachers seek to ask 
one big question, give the students time to think about it and lead them to the 
resources to answer it. With the teacher's assistance, the students break down the 
problem by themselves and leam the skills for handling the problem during the 
process. Extra time will be needed for students to explore and find out the answers 
in comparison to direct instruction. Such learning environment facilitates 
higher-order thinking, such as analyzing, evaluating and synthesizing. The process 
is the most valued rather than the product, the amount of information acquired. The 
quality of the process is more important than the quantity of the information 
transmitted. 
Valuing students，points of view and addressing students, suppositions. 
Students are the ones who construct knowledge. Constructivist teachers create 
the environments that allow students to take the responsibility for knowledge 
construction. Teachers do so by encouraging self-initiated inquiry, providing the 
materials and supplies appropriate for the learning tasks，and sensitively mediating 
interaction among students. 
The teachers de-emphasize correctness, but encourage the expression of 
thoughts and ask for elaboration so as to stimulate students' insight of their own 
thoughts. It is important to address students' thoughts and challenge their ideas so 
that they can be aware of the inadequacy of their existing knowledge. Teachers are 
not the only ones who are responsible for addressing students' suppositions, but the 
students themselves share the responsibility. 
• . 
Students can select their own unique problem-solving approaches, and use their 
own knowledge in dealing with the problem. Meanwhile they may have to develop 
new approaches or knowledge when they fail to solve the problem with their existing 
knowledge. They may set their own goals, as they may want to develop their own 
knowledge differently (Winn, 1991). The learning outcomes of constmctivist 
teaching are likely to be diversified, as students have their own plans for learning. 
Assessing student learning in context 
Constmctivist teaching emphasizes authentic assessment that relates to practical 
concerns and problems faced by the students. To assess student learning, students 
are given authentic tasks so that they have to show what they have internalized and 
learned through application. The learning outcomes that the assessment focuses on 
should be higher-order thinking, which reflects the intellectual processes of 
knowledge construction (Jonassen, 1991a). 
Moreover, constructivists believe assessment should be done through teaching. 
Because students are allowed to have their own plans for learning, what they gain at 
the end could be somewhat different from one another. So, learning should be 
assessed in terms of the process, not the product (Jonassen, 1991a). Assessment 
can be done through observing student interactions and watching students work with 
ideas and materials when they are constructing knowledge. 
‘ To summarize, constmctivist teaching can be defined as the teaching that 
applies the above-mentioned four guiding principles: (1) posing problems of 
emerging relevance to students; (2) structuring concepts from whole to part; (3) 
valuing students' points of view and addressing students' suppositions; and (4) 
• . 
assessing student learning in context. Constructivist teaching begins with problems 
that are authentic and relevant to students. When approaching the solutions of the 
problems, students use their initiative to build up their knowledge with the help of 
the teacher's guidance and students' collaboration. Students are evaluated with 
authentic assessment or in the course of teaching. Constructivist teaching is 
student-centered, as students play the leading role during the learning process. The 
conventional teacher-centered approach to teaching is not constructivist teaching 
because students' points of view and suppositions are often neglected, which is 
against the third principle. 
Constructivist Views of Learning 
Moshman (1982) distinguished three constructivist paradigms: exogenous 
constructivism, endogenous constructivism and dialectical constructivism. In fact 
they are three constructivist perspectives on knowledge construction, which 
correspond to the information-processing theory, Piaget's view and \^gotsky's view 
on the process of cognitive development. These three perspectives are not mutually 
exclusive, but they reveal the different facets of knowledge construction. 
Exogenous Constructivism 
Exogenous constructivism is reflected in information-processing theory 
(Moshman, 1982). Information-processing theory can be traced to the work of 
Atkinson and Shiffrin's (1968)，who proposed a multistage theory of memory 
processes. Although there are different models of information processing, they 
have the common feature that information is received and processed, then stored in 
the memory and retrieved afterwards. The learner first pays attention to the source 
• . 
of information. The information that passes through the sensory memory into the 
working memory is interpreted with the learner's own knowledge and an internal 
representation of the information is constructed. The representation becomes part 
of the learner's knowledge when it is encoded from the working memory to the 
long-term memory. 
9 
Exogenous knowledge construction is the copying of the experience or the 
information received in the learner's memory through the different stages. This 
form of knowledge construction also explains the learning that mostly takes place 
during teacher-centered teaching where students receive the information presented 
and try to understand and remember it. Although teacher-centered teaching is not 
constructivist, the learning part is constructive, as the students construct their own 
representations of the information received. In fact, students may construct 
knowledge in an exogenous way in constructivist teaching context when they 
directly acquire what the teacher or the classmates present. 
Endogenous Constructivism 
Endogenous constructivism is illustrated in Piaget's theory (Moshman, 1982). 
In Piaget's (1970) view, human cognition changes so as to adapt to the environment. 
Knowledge is organized as schemes that guide behavior. When the existing 
schemes are in conflict with the experience, which means the schemes are not 
helpful in resolving what is encountered, a cognitive state of disequilibrium occurs. 
There is a tendency to reduce the conflict and search for a balance through 
assimilation and accommodation. Assimilation is the process of filtering and 
modifying a new experience into the existing schemes; accommodation is the 
modification of schemes so as to fit the new experience. Assimilation involves 
• . 
some accommodation, as it expands or changes the original schemes. These 
processes of restoring balance are called equilibration, which represent the 
construction of knowledge. 
Endogenous knowledge construction is not simply the copying of the 
experience, but it is an equilibration between the learner's schemes and the 
experience. The experience serves like a stimulus to equilibration in which the 
learner constructs knowledge through assimilation and accommodation. The new 
experience can be assimilated and incorporated into the existing scheme, which 
parallels to the construction of representation of information and encoding it into 
long-term memory. Alternatively, the existing scheme can be accommodated in 
order to guide our behavior in response to the new experience. Endogenous 
knowledge construction is different form exogenous knowledge construction, for it is 
more than adding the new to the old, but creatively changing the old to fit the new, 
and it is action-oriented, as schemes are developed in the course of dealing with the 
world. This form of knowledge construction is likely to take place under 
constructivist teaching, where students are asked to solve authentic problems and 
meanwhile they have to use and further construct their schemes in adapting to the 
experience that they may encounter. 
Dialectical Constructivism 
Dialectical constructivism is demonstrated in Vygotsky's theory (Moshman, 
1982). In ^^gotsky's (1978) view, cognitive development is a result of the child's 
interactions with members of the culture. Knowledge is constructed through social 
interactions. Vygotsky raised the importance of adult guidance and collaboration 
with capable peers in his theory of the zone of proximal development, which is the 
• . 
"distance" that a child cannot reach in order to solve a problem but can be 
successfully reached with the assistance of adults or more able peers. When the 
child is able to solve the problem with the assistance, like questioning or 
demonstration, he or she would undergo an internalization of the operation, which is 
an internal reconstruction of the knowledge. 
In common with the other two forms of knowledge construction, dialectical 
knowledge construction entails reconstruction of knowledge that comes through in 
the learner's mind. However, the learning process involves not only the individual 
learner, but also other parties in the learning environment, including the teacher and 
the peers around. The learning process is assisted and collaborative. This form of 
knowledge construction may take place when students are asked to form groups to 
work on a problem, as they can help one another and the teacher can assist them by 
asking questions and providing more information. 
These three forms of knowledge construction view learners from different 
perspectives. Exogenous knowledge construction is mechanical and the learner is 
like a computer. Information is transmitted to the learner, then processed by the 
learner and memorized in the learner's memory. Endogenous knowledge 
construction considers the learner as a living organism that strives to adapt to the 
environment in order to survive. The learner assimilates and accommodates her 
existing schemes in dealing with his or her experience. Dialectical knowledge 
�construction regards the learner as a social organism that works with and leams from 
others, which is more than an individual organism. The learner internalizes what is 
done with the assistance of the teacher and his or her peers. These are different 
roles that the learner plays in different contexts of teaching. However, all of them 
• . 
suggest that learning is a constructive process in which the learner constructs 
knowledge as they make sense of the world (Cobb, 1994). 
Theoretical Assumptions 
Given that our society is expecting people to have the flexibility and creativity 
to use their knowledge, the theory of constructing knowledge in adapting to the 
world is basically geared to the demands. Under the conditions of constmctivist 
teaching, students will be more involved in endogenous and dialectical knowledge 
construction, as they use and at the same time construct their knowledge to solve 
problems collaboratively. In contrast, under the conditions of teacher-centered 
teaching, students are primarily involved in exogenous knowledge construction in 
which they reconstruct the knowledge that is presented to them. Theoretically, 
students who leam by means of constmctivist teaching are more likely to develop 
higher-order thinking, as this is required in the constmctivist teaching context. 
However, this assumption is yet to be proven empirically. The next section turns to 
the empirical findings of constmctivist teaching at university. 
The Research Evidence 
A few empirical studies of constmctivist teaching at the university level have 
been conducted and they were published only in the past few years (Christianson & 
Fisher, 1999; Lord, 1997, 1999; Tynjala, 1999; Viiri, 1996). These studies 
"compared the learning outcomes between teaching-centered teaching, mainly 
lecturing, and constmctivist teaching. The significance of the differences in the 
learning outcomes was proved with statistical methods. Classes that used the 
teacher-centered approach were considered as control groups, while constmctivist 
• . 
teaching was employed in the experimental groups. All these studies reported 
significant differences of constructivist teaching over teacher-centered teaching in 
those assessed cognitive learning outcomes, which belong to the first two categories 
of the revised version of Bloom's taxonomy (Anderson & Krathwohl，2001; Bloom 
et al., 1956), that is, remember and understand (see Table 2). These studies were 
reviewed chronologically. 
Previous Studies 
Viiri (1996) applied the idea of utilizing the knowledge of students' 
preconceptions to restructuring a course on mechanics. The teaching was claimed 
to be constructivist, as the article was titled "Teaching the force concept: A 
constructivist teaching experiment in engineering education." Ironically, the writer 
stated: "No student-centered methods were used because we wanted to change the 
course only minimally so that we could analyzed the effect of the new structure. As 
a result, it could be argued that the course was not constructivist." In fact, the 
teaching was not clearly documented. The learning outcomes were assessed with 
questions that required students to choose the appropriate answer and to explain why 
they made their particular choices. According to Bloom's taxonomy (see Table 2), 
the first and the second part of the question could be categorized as remember and 
understand respectively. It was reported that the mean score of the students in the 
constructivist group was higher than the students in the control group and the 
difference examined by the t-test was statistically significant. 
Lord (1997) conducted a quasi-experimental study of an introductory biology 
course in constructivist teaching format. Lessons of the experimental group were 
planned according to five instructional phases, which matched the four guiding 
• . 
Table 2 
Categories in the cognitive domain of the taxonomy of educational objectives 
(Anderson & Krathwohl, 2001) 
Categories & Definitions 
Cognitive Processes 
1. REMEMBER Retrieve relevant knowledge from long-term memory 
1.1 Recognizing Locating knowledge in long-term memory that is consistent with presented 
material 
1.2 Recalling Retrieving relevant knowledge from long-term memory 
2. UNDERSTAND Construct meaning from instructional messages, including oral, written, and 
graphic communication 
2.1 Interpreting Changing from one form of representation to another 
2.2 Exemplifying Finding a specific example or illustration of a concept or principle 
2.3 Classifying Determining that something belongs to a category 
2.4 Summarizing Abstracting a general theme or major point(s) 
2.5 Inferring Drawing a logical conclusion from presented information 
2.6 Comparing Detect correspondences between two ideas, objects, and the like 
2.7 Explaining Constructing a cause-and-eflfect model of a system 
3. APPLY Carry out or use a procedure in a given situation 
3.1 Executing Applying a procedure to a familiar task 
3.2 Implementing Applying a procedure to an unfamiliar task 
4. ANALYZE Break material into its constituent parts and determine how the parts relate to 
one another and to an overall structure or purpose 
4.1 Differentiating Distinguishing relevant from irrelevant parts or important from unimportant 
parts of presented material 
4.2 Organizing Determining how elements fit or function within a structure 
4.3 Attributing Determining a point of view, bias, values, or intent underlying presented 
material 
5. EVALUATE Make judgments based on criteria and standards 
5.1 Checking Detecting inconsistencies or fallacies within a process or product; determining 
whether a process or product has internal consistency; detecting the 
effectiveness of a procedure as it is being implemented 
5.2 Critiquing Detecting inconsistencies between a product and external criteria; determining 
whether a product has external consistency; detecting the appropriateness of a 
procedure for a given problem 
6. CREATE Put elements together to form a coherent or functional whole; reorganize 
elements into a new pattern or structure 
6.1 Generating Coming up with alternative hypotheses based on criteria 
6.2 Planning Devising a procedure for accomplishing some tasks 
6.3 Producing Inventing a product 
• . 
principles of constmctivist teaching: (1) the Engage phase was used to excite the 
students in the topic; (2) the Explore phase directed the students to examine the topic 
in small groups; (3) the Explain phase allowed the students to describe to others 
what their team discovered; (4) the Elaborate phase encouraged the students to 
further investigate and expand on the topic; (5) the Evaluate phase provided the 
students with a way to assess what they learned. The same material was presented 
in the control group with lecturing, overhead transparencies and demonstration; little 
time was provided for student questions and student-to-student interaction during the 
class. The learning was assessed with a multiple-choice question exam. One fifth 
of the items required interpretive understanding of the material and the rest was 
based on knowing the terminology. The learning outcomes assessed also fell into 
the first two categories of Bloom's taxonomy (see Table 2). T-tests were performed 
and significant differences were found, which suggested that the students in the 
experimental group had better remembering and understanding of the material than 
students in the control group. In addition, student evaluation on the course 
indicated that the majority of the students (over 80%) in the experimental group 
found the class challenging and enjoyable but about half of the students in the 
control group found the class difficult. The researcher repeated the same study with 
a non-laboratory-based environmental science course and obtained similar results 
(Lord, 1999). 
Tynjala (1999) carried out a similar study with an educational psychology 
‘ cou r se . The students in the control group studied three textbooks on their own, 
attended the lectures and took an examination. The students in the experimental 
group, who were going to be taught in a constmctivist way, learned the course 
material through studying the same textbooks, writing assignments, discussions of 
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their assignments in groups during the class, and writing a long essay. But it was 
arguable if the teaching in the experimental group was constructivist. The 
researcher confirmed that for constructivist teaching there was the need to "develop 
instructional methods that take into account the situational nature of learning and 
thus integrate knowledge acquisition and knowledge use” and "develop assessment 
procedures that are embedded in the learning processes, focus on authentic tasks ..." 
(Tynjala, 1999, p. 336). However, using textbooks and writing tasks as the core of 
the teaching did not seem to be situational and authentic. To compare the learning 
of the different groups, the students in the experimental group were asked to 
participate in the examination together with the control group, but they understood 
that their answers would not be graded. The examination was composed of two 
essay questions. According to the researcher, the first question required a fairly 
exact recall of particular theories and involved some comparing, and the second 
question involved summarizing and explaining. So the learning outcomes assessed 
again belonged to the first two categories of Bloom's taxonomy (see Table 2). It 
was reported that there were significant differences between the two groups, 
calculated with the t-test and confirmed with the Mann-Whitney test. The answers 
of the constructivist group were rated higher in terms of the epistemic categorization 
(Ohlsson, 1996) and the SOLO taxonomy (Biggs & Collis, 1982). Furthermore, the 
students in the constructivist group reported that they experienced more higher-order 
learning, such as the development of their thinking skills. 
‘ Christianson and Fisher (1999) studied student learning about the concept of 
diffusion and osmosis in the two different teaching contexts. Their study was less 
experimentally controlled as the previous studies conducted by Lord (1997’ 1999) 
and Tynjala (1999). One crucial variable not being controlled was the class time. 
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The experimental group, that is, the constructivist group, was 1.2 hours longer than 
the control groups. The experimental group was a small laboratory/discussion 
course that employed the strategies of inquiry teaching. The control groups had 
about 2 hours of laboratory instruction followed by about 30 minutes of discussion. 
Multiple-choice questions were used to assess the learning. The questions first 
asked about the content of the concept and then asked for the reason for the choice, 
which was similar to the assessment used in Viiri's (1996) study. The learning 
outcomes assessed fit in the first two categories of the taxonomy (see Table 2). 
Chi-square analyses indicated that there were significant differences between the 
different groups. Students in the constructivist group performed better than the 
control groups. 
Limitations of Previous Research 
These studies pointed to a similar conclusion that constructivist teaching 
resulted in better remembering and understanding than the teacher-centered teaching. 
However, there was confusion of defining constructivist teaching in some of the 
studies (Tynjala, 1999; Viiri, 1996). Although the researchers could define what 
was or what was not constructivist teaching, the pedagogical principles of 
constructivist teaching were not sufficiently applied in their studies. Their teaching 
in the experimental groups included some constructivist ideas but failed to 
incorporate some others. It was questionable whether the teaching in their 
experimental groups was constructivist, and so as the significance of their findings. 
Most of these studies failed to examine the essential quality of constructivist 
teaching. The focus of these studies was how the students performed in the 
assessment, but the learning process of how students built up knowledge during the 
• . 
teaching was not addressed. Little was known about what the students actually did 
during the class or outside class. Based on cognitive psychology, constructivist 
teaching emphasizes thinking process, but the method of assessing learning in these 
studies was behaviorist. Teaching was considered as the stimuli and the outcomes 
were the response; student learning or the thinking, which links the teaching and the 
outcomes, was ignored (see Figure 1). In light of constructivism, it is the learning 
as a process should be assessed but not as a product. 
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The behaviorist way of assessing learning as a product is long established in 
contrast to the constructivist way of assessing the process of learning. In fact, there 
could be difficulty communicating the credibility of the results if the established 
assessment method is completely changed. If the assessment method is to be 
persevered, it is still important to account for the process of learning in relation to the 
teaching and outcomes so as to substantiate the assumed relations between them; the 
actual learning process should not be taken for granted. 
Furthermore, the learning outcomes assessed in those studies were limited to 
remembering and understanding. The assumption that constructivist teaching 
facilitates higher-order thinking and hence results in better higher-level learning 
• . 
outcomes was not verified, because higher-level learning outcomes, such as 
evaluating and creating, were not assessed. 
Hence there are two areas that the present study would attempt to further 
investigate: (1) the learning process that conceptually links the teaching and the 
learning outcomes; and (2) the comparison of higher-level learning outcomes 
between teacher-centered teaching and constructivist teaching. 
Summary 
In the changing context of social demands, constructivism offers an alternative 
teaching approach to the conventional teacher-centered teaching. Constructivism 
adopts a relativist epistemology in contrast to the conventional empiricist belief. A 
learner leams when he or she constructs knowledge in adapting to his or her 
experience but not simply mirrors the information given. The teaching that applies 
the theory of constructivism is known as constructivist teaching. The constructivist 
views of learning are rooted in cognitive psychology. Knowledge construction 
process can be exogenous, endogenous or dialectical. Theoretically, constructivist 
teaching facilitates endogenous and dialectical knowledge construction. 
Empirically, constructivist teaching was known to be better than the teacher-centered 
teaching in terms of remembering and understanding. However, the learning 




The present study aims at examining how constmctivist teaching influences the 
learning process and learning outcomes in comparison to teacher-centered teaching. 
The case study method was adopted, as the study of learning process requires a 
comprehensive investigation of all the necessary facts, details and problems of the 
learning. The case was a course on educational psychology that incorporated both 
constmctivist teaching and teacher-centered teaching. The study: (1) compared the 
classroom processes of the constmctivist teaching and the teacher-centered teaching; 
(2) compared the learning in the two teaching contexts; and (3) surveyed the 
participants' feedback on the constmctivist teaching. 
•‘ Case Profile 
The case being studied was an undergraduate course in educational psychology 
at the Chinese University of Hong Kong. The researcher had talked with members 
of the faculty to collect information about the courses that were suitable for the study. 
The decisive factor of the selection was that the course had an adequate amount of 
constmctivist teaching as well as teacher-centered teaching so that comparison could 
be made. 
The selected course was compulsory for students who were majoring in Chinese 
Language Education, English Language Education, Mathematics Education or 
Physical Education. The course had 13 classes. There were 74 students and most 
of them were year 1 students aged around 20 (see Table 3). There were 54 female 
students and 20 male students. Each class had a double period in a weekday's 
• . 
afternoon, which was the last class of the day and usually lasted for 1 hour and 45 
minutes. The class started in January and finished in April, and the assignment was 
due in May. 
Table 3 
Students who took the course 
Subjects Year 1 s t u d e n t s Y e a r 2 s t u d e n t s Y e a r 3 students Total 
~ M a l e F e m a l e M a l e ~ Female Male Female 
Chinese 3 18 - 1 _ _ ^^ 
E ^ 2 12 - 6 - - 20 
Mathematics 4 11 - - - - 15 
Physical Education - - 11 5 _ 1 17 
M 9 41 n 12 - i ^ 74 
The researcher did not know any of the students before the course started. In 
the first several classes, the researcher tried to talk to different students before the 
class started and asked them if they would accept to be interviewed. Throughout 
the study 17 students were interviewed (see Table 4). All of them were Year 1 
students except the student who studied PE. There were 13 female students and 4 
male students. The researcher conducted more interviews in the first several weeks. 
After that，the researcher attempted to select different participants so as to compare 
their learning. There were different types of interviews and their differences were 
discussed in the following section. The researcher usually made appointments with 
the participants a week earlier for the pre and post class interviews. Occasionally, 
some participants could not keep the appointment, so only the pre or post class 
. i n t e rv i ew was conducted. A total of 68 interviews were conducted; 30 of them 
were pre-class interviews and 31 of them were post-class interviews, and among 





Student Subject Class Final 
2 3 4 5 6 7 8 9 10 11 
SI Chi A A A A • • ^ 
^ A A A A • A A A r 
53 Math A • A A A • 
54 Chi A • A 
55 Eng A • 
56 Math A • • 
57 Chi A • 
m A A ^ ^ 
S9 Chi A • A • 
“ A A A AA A A 
S n ^ A A A A A A • 
S12 PE A • 
J u i i i i A A r 
514 Chi A • 
515 Eng _ • • 
516 Math 
517 Chi • 
Note. Chi: Chinese Language Education; Eng: English Language Education; Math: Mathematics 
Education; PE: Physical Education 
A Pre-class interview • Post-class interview 參 Final interview 
Data Collection 
The three formal sources of data were: participant observation, interviews and 
documents. To keep track of the developments in the course, the researcher would 
also talk with the instructor and the students from time to time outside class. 
Participant Observation 
The researcher attended every class of the course to take notes of what the 
professor and the students did in class, especially those students who participated in 
• . 
the interviews. Most of the time the researcher sat at the back of the classroom and 
did not participate in the activities. The researcher started audio recording the class 
from the second week after obtaining the instructor's approval and the students' 
informed consent in the first class. There were many student discussions 
throughout the course, and with the students' approval, some of the discussions were 
recorded with another recorder, usually one group in each class. The complete 
classroom process was transcribed and combined with the field notes. 
Interviews 
The participants were individually interviewed about their learning and 
knowledge of the course material, either face-to-face or on the telephone. All 
interviews were semi-structured, and were tape recorded with the participants' 
consent and transcribed for analysis. 
Pre-class interview and post-class interview. 
The pre and post class interviews served the purpose of monitoring student 
learning throughout the course, specifically the changes in student's knowledge. 
The pre-class interviews were done before the class, usually on the same day or the 
day before the class. Students were asked about their understanding on the material 
of the class that they were going to attend. This was to assess students' prior 
knowledge before teaching. After students attended the class, the students were 
asked to answer the same questions again in the post-class interviews. This was to 
assess students' knowledge change after teaching. The post-class interviews were 
usually conducted right after the class or within three days after the class. In both 
interviews, participants were asked to answer the questions according to what they 
• . 
knew without referring to any notes or texts. In addition to questions about the 
subject matter, students were also asked what they thought about the class. The 
pre-class and post-class interviews were usually 20 to 30 minutes long each time. 
To prepare the interview guides for the pre and post class interviews, the 
researcher collected the teaching materials from the instructor ahead of the class and 
attended another similar course that was taught by the same instructor a day earlier. 
A total of 22 questions about the subject matter were asked in the pre and post class 
interviews. The questions were listed in Appendix A. Samples of the interview 
guides for the pre and post class interviews were included in Appendix B and 
Appendix C. Among those questions, 11 of them were concerning the subject 
matter that was taught with constructivist teaching and the other 11 questions were 
about the subject matter that was taught with teacher-centered teaching. Although 
the total class time spent on constructivist teaching was more than teacher-centered 
teaching, but the material taught with constructivist teaching was not in proportion 
with the time spent on it, since extra time was given to student for discussion and 
presentation. On the other hand, the time spent on teacher-centered teaching was 
lower in proportion but more material was covered in a shorter period, especially 
when the instructor was lecturing. The actual time spent in using the different 
approaches was presented in the next chapter. 
Final interview. 
‘ Final interviews were conducted two weeks after the students had handed in 
their assignments. Seven participants, whose GPAs were about or above average, 
were interviewed. In the first part of the interview, the participants were asked to 
answer 9 questions about the subject matter that had been taught in different classes. 
• . 
Some of the questions had been asked in the pre and post class interviews. The 
participants had not been asked to do any preparation before the final interviews and 
they were expected to recall relevant knowledge from their memory. This was to 
assess the retention of the knowledge. 
The second part concerned about students' learning throughout the course, that 
is, how the participants studied for the course. The participants were also asked to 
comment on the teaching of the course, specifically the constructivist teaching. 
Each of the final interviews was about one and a half hours long. The interview 
guide for the final interview was included in Appendix D. 
Documents 
Documents, including handouts, reading. E-mail, the quiz paper, students' notes 
and assignments, were collected. Handouts, reading, E-mail and the quiz paper 
were materials that might contribute to the change of students' knowledge. 
Students' notes and assignments were collected in the final interviews. 
Assignments were only collected from those participants who participated in the 
final interviews and whose assignment's grade was about average. The assignment 
was used for the assessment of the use of knowledge. 
Data Analyses 
The key of the data analysis was the comparison between constructivist 
teaching and teacher-centered teaching. Data relating to constructivist teaching was 
analyzed and compared with the data relating to teacher-centered teaching. 
• . 
Classroom Processes 
To address how the professor taught and how the participants leamt in class, 
two models of classroom processes were derived from the data collected from 
participant observation, which included the field notes and transcripts of the classes. 
These models were devised in an attempt to portray the routines of what the teacher 
and the participants did in the two different teaching contexts. 
Comparing Student Learning 
Student learning was assessed at two levels: (1) students' knowledge gain after 
each class; and (2) retention and use of the knowledge after the course had finished. 
Learning in its simplest sense is to gain knowledge. To monitor how students' 
knowledge about the course material was built up，the changes of students' 
knowledge were identified by comparing their answers to the 22 questions in the 
pre-class interviews, the related material covered in class, and the corresponding 
answers collected in the post-class interviews. Similar forms of knowledge change 
were categorized and their relations to the classroom processes were analyzed. 
The revised version of Bloom's taxonomy (Anderson & Krathwohl, 2001) (see 
Table 2) was used as a framework in assessing the retention and use of knowledge 
gained in the course. The first category, remember, specifically recalling, which 
concerns about retention of knowledge, was assessed through the first part of the 
‘ final interview. The participants' answers to the questions about the subject matter 
were transcribed and marked with reference to the actual material presented in the 
classes. A mark was given when a point that had been mentioned in the class was 
recalled. 
• . 
The fifth and the sixth category, namely, evaluate and create, which concerns 
about the use of knowledge, were assessed through the course's assignment. The 
second, the third and the forth category, understand, apply and analyze, were omitted, 
since evaluate and create were at a higher level that encompass aspects of the other 
cognitive process categories (Anderson & Krathwohl，2001). Their assignments 
were assessed in terms of their quality of critiquing and generating. The details of 
the assessment were presented together with the results in the next chapter. 
It should be noted that when comparing the learning outcomes, data were 
quantified, but this was not the intention of the present study to imply that the 
comparisons were statistically proven. The study did not use statistical methods to 
prove the significance of the differences between the results of constructivist 
teaching and teacher-centered teaching. Instead, the present study attempted to 
explain the differences in a qualitative way, which was to analyze the relations 
between the results and the classroom processes. Moreover, the present study 
purposely focussed on students whose academic results were average or above. 
Participants ’ Feedback on the Constructivist Teaching 
The participants' feedback on the constructivist teaching collected from the pre, 
the post, and the final interviews was transcribed and sorted into two sides, the 
negative and the positive. 
• . 
IV. RESULTS 
The first section in this chapter addresses the classroom processes of the 
constmctivist teaching and the teacher-centered teaching. Student learning in the 
two different contexts of teaching is then compared. The last part summarizes 
participants' feedback on the constmctivist teaching of the course. 
The Classroom Processes 
The teaching throughout the course was usually constmctivist, which was in 
line with the four principles of constmctivist teaching. First, the course was about 
psychology of teaching and learning and its application. The course content was 
relevant to the students, as they would become teachers in the future. Second, 
every class began with a theme question written on the whiteboard, and the questions 
were practical concerns (see Table 5,6 & 7). Third, the professor regularly invited 
students to give examples. Ample time was spent in allowing students to think 
through the situation or the problem individually or in groups. Students were asked 
to present and elaborate their ideas and the professor invited other students to 
comment. Fourth, throughout the course and in the assignment, students had to 
evaluate and make suggestions on the teaching of videotaped lessons or the 
professor's demonstrations. These tasks were realistic and meaningful to the 
students because they would need to evaluate and improve their own teaching in the 
. future. Students' class participation and E-mail discussion were encouraged by 
awarding marks. The questions of the quiz were given to students beforehand so 
that students could discuss together before taking the quiz. There were ten 
• . 
multiple-choice questions, which tested students on their understanding of the 
concepts taught in the course. 
However, there were other times that the teaching was teacher-centered. On 
the basis of the approach to teaching of a particular topic, the class time in each class 
was classified as either constructivist or teacher-centered. The teaching was 
considered as teacher-centered when students' points of view and suppositions about 
the topic were not addressed, which was against the third principle. In other words, 
when the content of a particular topic was delivered solely by the professor，the time 
spent on the topic was classified as teacher-centered. 
Table 5 
The 2nd class ’s lesson plan 
Class: 2 
Topic: Cognitive information processing (CIP) 
Theme question: How do students leam according to CIP? 
Time I Content Activities 
1 min Greeting 
20 min Cognitive Information Processing Lecture and games (with posters) 
5 min How CIP works I F An example: Greeting • 
I ^ ^ . .�. . : .A 
5 min Student difficulties J 厂 M^rlecture (with posters》；_ 
： 1 _ _ L ： 
35 min How students leam according to CIP I Video analysis (15 min) 
Group discussion (20 min) 
10 min Break 
5 min How students leam according to CIP II Presentation by students 
、::;•:;:善 
The fifth lesson (see Table 5) was an example of a class that incorporated both 
constructivist teaching and teacher-centered teaching. Lecturing was employed as 
the method for teaching the concept of cognitive information processing. The 
professor was the only one who lectured on the topic, so the time (the shaded area in 
• . 
Table 5) was classified as teacher-centered teaching. The later part of the class was 
considered to be constructivist teaching, as students' discussion was the major 
contribution to the teaching and learning of the application of cognitive information 
processing. 
Table 6 
The 4th class 's lesson plan 
Class: 4 
Topic: Discovery 
Theme question: How do we help students leam by discovery? 
Time Content Activities 
3 min Attention getter A joke: The instructor's past learning 
experience 
3 min Discovery learning: What to do Outline (with a poster) 
10 min Demonstration A formula for counting tables and 
(Introducing the situation) mathematical induction (worksheet) 
10 min Students doing the worksheet alone then 
briefly discussing with neighbors 
20 min Students presenting their answers & open 
discussion 
15 min How to do discovery learning Students answering the questions about 
discovery learning after trying it (in groups) 
10 min Break 
15 min Students presenting their answers & open 
discussion 
lO inin , “ Summing up: How to design discovery - 、二‘二 “ — 
In other classes, either constructivist teaching or teacher-centered teaching 
would sometimes dominate the whole class. Table 6 and Table 7 were examples of 
classes that were dominated by constructivist teaching and teacher-centered teaching 
(shaded area) respectively. In the fourth class (see Table 6), the major part of the 
class time was spent in allowing students to express their views. In the sixth class 
• . 
(see Table 7), most of the time the instructor was lecturing on the topic and 
demonstrating the teacher's role while students were mainly listening, taking notes 
and watching the demonstration, and had little chance to express their ideas. 
Table 7 
The 6th class 's lesson plan 
Class: 6 
Topic: Metacognition . 
Theme question: How do we help students decide? 
Time I Content Activities 
3 min Overview of the exercise 
10 mm Break 
15 min Demonstration of teacher role II Exercise . Revising a piece of writing 
5 min Summing up 
The actual time allocated in constructivist teaching and teacher-centered 
teaching in this course was presented in Figure 2. The first and the last class were 
excluded because the first class was an introduction to the course curriculum and the 
last class was the quiz. The time of each activity in each class was recorded and 
classified either as constructivist teaching or teacher-centered teaching according to 
the above-mentioned criterion. Constructivist teaching took up 77% of the total 
class time，and teacher-centered teaching took up 23%. 
Based on the data collected from participant observation, two models of the 
classroom processes were devised. These two models portrayed the interactions 
• . 
and the relationships between the professor and students in the constmctivist 
teaching context and the teacher-centered teaching context respectively. They 
showed how the teaching of constmctivist teaching was actually different from the 
teacher-centered in class. These models also laid the foundation for the later 
analysis, as they would help make sense of the student learning. 
Figure 2. Time allocated to constmctivist teaching and teacher-centered teaching in 
each class. 
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The Classroom Process of the Construct ivist Teaching 
The model of the constmctivist classroom process (see Figure 3) showed how 
the different parties related to one another in the constmctivist teaching context. 
The parties that involved in the classroom process were: the professor and the 
students, which included the participant and his or her classmates. The participant 
, was singled out because only the participant's knowledge was studied and so only 
the participant's memories of knowledge were shown. 
• . 
The professor introduced the learning situation he designed early at the 
beginning of each class，and he manipulated and directed the situation afterwards. 
So there was a direct linkage between the professor and the learning situation. The 
learning situation was basically the learning experience in which the professor posed 
the problems and the participant was asked to solve the problems with the 
information included or contributed by any parties. The learning situations were 
usually activities, such as role-play, open discussion, small group discussion, etc. 
For instance, in Example 1, the professor designed the task for the students, which 
was an analysis of a class on tape. He was managing the learning situation during 
the classroom process, as he controlled the time and chose students to report their 
answers. 
Figure 3. Model of the constructivist classroom process. 
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The parties involved in the classroom process could interact with the learning 
situation differently. The participant and the classmates might use their existing 
knowledge to understand and deal with the problems and/or contribute their ideas by 
• . 
presenting them within a group or to the whole class. When any of the parties 
presented his or her idea, another party, including the professor, might decide 
whether to respond to it or construct knowledge with the material. They might give 
out or ask one another for more information. The teaching and learning in the 
constructivist teaching context was interactive. For instance, in Example 2, the 
students expressed their own ideas and responded to one another in a discussion. 
They might construct knowledge with the shared information or present it later in an 
open discussion, like the students in Example 3, which repeated a similar interaction 
between the parties at a whole class's level. 
Example 1. Excerpts from the 3rd class's field notes. 
The professor asked students to watch a videotape of a teacher's teaching and see how she used CIP 
to help students learn. The professor asked students to pay attention to the EVENT (what the teacher 
& students did), evaluate if the event was good or bad and give explanation. The professor wrote the 
3 columns (EVENT, Z/*，WHY?) on the board. At about 4.45pm, the professor played the 
videotape (lesson plan distributed). 
At 4.53pm, the professor stopped the tape and asked students to do the exercise. The professor 
scrolled up the screen and wrote on the board to give an example: 
EVENT 企 WHY? 
(1) Photo (1) ^ Use PRIOR student knowledge 
(1) X UNRELATED STORY 
Although students were not asked to form groups, they started to discuss with one another. At 
4.48pm, the professor asked students to compare their work with their neighbours'. 
At 5.02pm, the professor started to hold an open discussion about the students' evaluation on the 
events. The professor invited Ss to tell their opinions and he wrote them down on the board. 
Example 2. Excerpts from the 4th class's field notes. 
At 5.25pm, the professor asked students to answer the Discovery Questions. The students sitting on 
the left answered Question 1-3; the middle answered Question 4-6，the right answered Question 7. 
The professor did not clearly ask them to form groups, but they already had the habit to form groups 
to discuss the questions. S7 started to discuss immediately. Then S9 started to discuss. S8 
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worked alone first then discussed with her neighbor (OC: because she wasn't sitting with her friends). 
However, S6 worked alone and did not talk to other students. 
S9，s discussion: 
S9 immediately asked if they needed to read all other questions or only Question 7. They read the 
other questions first. 
They (SI7) first clarified what discovery learning was. 
S14: How do we improve this lesson? 
S9; Yes, if you teach like this, what can we do to improve? More clear. 
S17: Maybe more vivid. Deepen students' impression, or understanding. 
SI 4: If you have one class only, teaching a single method will (help students) remember better. 
Classmate: But the methods were thought up by the students. You can't say only one method can be 
used, but not the others. 
SI4: Is it that he (the professor) supposed these notes, these things were what was to be taught in 
class? 
(OC: S14 did not understand.) 
SI7: Students do it by themselves, like us, and after (they) finish, (they) tell the answer, saying I did 
it like this, I did it like that. 
S9: Yes, yes. 
SI7: This is a discovery approach ... 
S9: Giving students this worksheet to do. 
SI4: How to improve then? 
S9： But I think what she (S14) said is right. Focusing on one method would be better. It doesn't 
mean they cannot bring up (their ideas), but after the explanation, and then conclude with one 
method. 
S14: (That is) needed. Can recommend one method to them. 
SI7: At the end, tell that this method is the most convenient for them to use. 
S9: So (that) improves the lesson ... 
Example 3. Excerpts from the 9th class's field notes. 
At 5.00pm, the professor hold an open discussion about the questions and he wrote the points on the 
board. 
Professor (P): What are the difficulties (in group work)? 
S13: Some students in the group will dominate, which leads to an uneven division of work. Good 
student leam more, less able student will become passive and leam a little. 
P: Other difficulties? 
S3: Some students will be uncooperative, not doing anything, (laugh) 
P: Other difficulties? 
Classmate (C): Will be affected by the seating arrangement. 
• . 
p. Be more detailed. 
C： If we sit like this, don't know how to form groups. Some seating arrangements will be difficult 
for forming groups. 
P: If you sit like this, you can turn around to form groups of 4 and can decide early. 
C: But in primary schools, students may sit in groups. If you want to form groups of a certain 
number, that will be difficult. 
P: Why? 
C: Say, a group of 7’ pair work will be difficult. 
P： Can you come out and draw it? 
•.. drawing and explaining 
P： Other difficulties? 
S17： Student will be off track. A group of students may not concentrate on the task, which is time 
wasting. 
(S13 to SI5: The benefit can be improving communication skills, but on the other hand, they may also 
have diflficulty in communication that leads to delay in finishing the task.) 
P： How to solve these difficulties? 
SI7: I want to add another. 
P: OK. 
SI7: When doing group work in class, teacher may not be able to monitor all groups' progress. 
Except the linkage between the professor and the learning situation, the other 
arrows did not link up the different components together so as to indicate that the 
interaction between them was only potential but not a certainty, since it was the party 
who decided if they wanted to interact in the learning situation. In other words, the 
classroom process might not involve all the parties at any time. Learning could be 
an individual effort that involved only the learning situation and the participant, or a 
social effort that involved the classmates and/or the professor. In Example 2, 
. participants, like S9, had formed group with their classmates and might construct 
knowledge with group effort; S6, however, worked alone throughout the whole 
process and if there was any knowledge construction, it was his own individual 
effort. 
• . 
In any forms of knowledge construction, knowledge was constructed with the 
information received (exogenous) or the experience undergone (endogenous and 
dialectical) by the learner. The participant gained knowledge when he or she 
constructed knowledge during the classroom process and his or her existing 
knowledge about a subject in his or her memory changed, which means the 
knowledge constructed was remembered. Either the information or the experience 
was a stimulus to learning. The changes in students' knowledge were detailed in 
the next section. 
The model showed only the relevant interaction that took place via the learning 
situation, which was like information exchange among the different parties. The 
direct interaction between each party outside the learning situation was not shown, 
because it was irrelevant to the learning situation, like students discussing where to 
have dinner, and this also implies that those parties did not interact with the learning 
situation at that moment. 
The Classroom Process of the Teacher-centered Teaching 
The model of the teacher-centered classroom process also involved the same 
parties, but compared with the constructivist model, they had less interaction. The 
teaching process was usually a one-way transmission of information (see Figure 4). 
The professor presented the information and the students, the participant and the 
classmates, might receive the information and ask for clarification. The professor 
‘ was the main source of information. Again, there was a direct linkage between the 
professor and the information because the professor had the control of what 
information to give. The arrows between the information and the students, and the 
students and the professor showed only the possible relationships between them, 
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since it depended on whether the students actually paid attention to and received the 
information or asked the professor questions. 
Figure 4. Model of the teacher-centered classroom process. 
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The participant might use his or her existing knowledge to make sense of the 
information they received during the process and construct knowledge with it. 
However, unlike the constructivist model, students did not have much chance of 
sharing their knowledge with other parties. They were also unlikely to have 
contribution to the information presented. While the students were concentrating 
on receiving the professor's information, seldom did they express or share their own 
ideas with another party, since the classroom process did not facilitate this kind of 
activity. The classroom process in the teacher-centered model was less interactive 
and the learning process was individual-based. For instance, in Example 4，the 
professor lectured on the topic for an hour, presenting the information he had 
prepared. Meanwhile, the students might receive the information and construct 
knowledge. When the professor stopped, the students asked the professor to clarify 
the concepts and the cycle of the transmission of information repeated. 
• . 
Example 4. Excerpts from the 6th class's field notes. 
The professor lectured on metacognition: 
I^osters, 
. . .So there are five major types of planning before we have to start 
writing it. One is executive decisions on planning process. So I'm 付议"before Action 
, T I J .. iM 1 , • Executive decisions on 
going to plan how to write a paper. I make decisions like, ok, how much 
time should I spend on planning, when I'm planning, how much . • planning process 
should I write down. It's all about the planning process. Things you do • Meta-plan 
before you start planning ... 
...Whenever I control, I also ... self-regulation (poster). There are three ^f^tonomous 
types of self-regulation. One is automatic or autonomous. There are two • 乂却玄 actions to situation 
quite conscious. They're active and specifically conscious. And I'll talk • Not reflective 
about the distinction between each of these. Autonomous are things you 
don't think about, for example, I dropped my pencil and picked it up. 
There isn't much difficulty there ... usually very easily, simple mistakes, 
you don't spend too much time working on them. And so, these are 
really outside the planning in conscious stage. There are two things we 
do think about. First of all, active regulation . _ 
After the lecture: 
P: You can ask me questions. Or I can write the composition and explain this stuff at the same 
time. Any questions about this? 
Classmate: I want to ask what executive decisions in the planning process are? 
p： Say you write this composition. You won't start immediately because if you write immediately 
you waste a lot of time. You usually prepare the outline, think about what you want to write. 
You make the plan, you need to decide how you do, for example, how much time you should 
spend on planning and writing. With the time you have, this is a kind of executive decision. 
This is about how you prepare, how you plan, how much time. Any other questions? 
Sll： Can you explain more about "not reflective" under autonomous self-regulation? 
P: Not reflective, you don't need to try very hard to think about how to change, for example, I 
dropped a pen, my computer goes off, I switch it on, 3+4=8,1 rub it away and write 7. These are 
easy things with mistakes, easy to correct, don't need much effort to think about how to change. 
Comparing Student Learning 
Student learning was assessed in terms of their knowledge change and the 
different levels of cognitive learning outcomes, which include recalling, critiquing 
and generating. 
• . 
Changes in Participants ’ Knowledge 
Three types of changes in participants' knowledge were identified: (1) no 
relevant knowledge gained (nil/similar); (2) relevant knowledge gained without prior 
knowledge; and (3) relevant knowledge constructed and integrated into prior 
knowledge (see Table 8). Each of these changes was found in both constructivist 
teaching and teacher-centered teaching. Original points that were neither brought 
up in front of the whole class nor covered in the teaching materials, such as handouts, 
were found only under the constructivist teaching. In the same teaching context, 
different participants might undergo different types of knowledge change. For 
example, the results of Question 5 and 6 showed that participants underwent 
different types of knowledge change. 
Each type of knowledge change would be detailed with examples and its 
relation to the classroom processes was analyzed. In each example, the 
participant's answer to a particular question given in the pre-class interview 
(pre-class answer), a summary of the teaching and the key points mentioned in the 
class, and the answer the participant gave in the post-class interview (post-class 
answer) were presented, so that the change of the participant's knowledge could be 
shown. 
Type 1: No Relevant Knowledge Gained (nil/similar) 
This type of knowledge change could be further separated into Type 1 (nil) and 
‘ Type 1 (similar). In Type 1 (nil), the participants had no knowledge about the 
subject matter before and after the class. They failed to answer the question in both 
the pre and post class interviews. The answers the participants replied were "don't 
• . 
Table 8 
Distribution of the types of knowledge change 
participants! SI | S2 | S3 | S4 | S5 | S6 | S7 [ S8 | S9 | SIO | Sll | S12 | S13 | S14 | S15 | S16 
Question Constructivist teaching 
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l^slType 1: No relevant knowledge gained (nil/similar) 
Type 2: Relevant knowledge gained without prior knowledge 
" I T Type 3: Relevant knowledge constructed and integrated into prior knowledge 
� , • 
Type 3 with original point(s) 
know," "don't remember，，，or something that was not relevant to the knowledge 
covered in the class. In Type 1 (similar), the participants had prior knowledge and 
their knowledge did not change after the class. The pre-class answer was similar to 
• . 
the post-class answer and no extra point was added. Both Type 1 (nil) and Type 1 
(similar) reflected that the there was no change of the participants' knowledge after 
the teaching. Type 1 (nil) existed in both constructivist teaching and 
teacher-centered teaching, while Type 1 (similar) was only found in the 
teacher-centered teaching. 
Example 5. Knowledge change with the constructivist teaching: Type 1 (nil). 
Q5: What is discovery learning? 
S8's answer (ore-class): Teaching S8’s answer (post-class): 
"Something about discovery. The professor presented the "Today, after I attended the 
During learning, discover outline on the whiteboard: class, the main content is that 
something ... something special • Teacher designs environment teacher needs to think about the 
but I don't know what it is. I • Student explores it possible answers, think about 
don't know much about this." • Teacher provides goal that students will think 
• Students decides on methods differently. We need to let 
Then the professor demonstrated them find out more. That is it. 
teaching a class of discovery What the teacher need to do? 
learning. After the (Referring back to) today's 
demonstration, the students were example, he or she (a teacher) 
asked to evaluate the class. thinks more, or uses his or her 
experience, because when he or 
. she teaches, he or she 
accumulates (experience). 
Having taught so many years, 
the answers would be similar, so 
he or she (the teacher) would 
have experience. How to apply 
to teaching? •.. I think it's a 
method using different sides to 
teach students. That's all I can 
think about." 
Example 5 and 6 illustrated the knowledge change of Type 1 (nil) with the two 
teaching approaches. The pre-class answers in the two examples showed a 
• . 
common phenomenon that the participants usually tried to make up some points in 
order to answer the question although they admitted that they did not know the 
subject matter. These answers were not considered as the participants' prior 
knowledge, as they were created immediately, which was not the knowledge that the 
participants already had，and they were either vague (see Example 5) or irrelevant to 
the topic (see Example 6). After the teaching, the post-class answers showed that 
the participants did not get what was taught in the class. The participants also 
attempted to answer the questions in the post-class interview, but the answers were 
either confusing (see Example 5) or simply "don't know" (see Example 6). 
Example 6. Knowledge change with the teacher-centered teaching: Type 1 (nil). 
Q13: How do people control their thinking (metacognition)? 
S3,s answer (pre-class): Teaching S3，s answer (post-class): 
"You mean from receiving f h e professor lectured on "Oh, I really don't know. I read 
message to affecting the brain? I control of thinking: the notes on the board, but I 
don't understand . . .I 'm • how to plan don't understand. I copied a lot 
thinking of morality, like if you • monitoring but didn't understand what I was 
want to commit crime, control • self-regulation copying. Is it thinking within a 
yourself not to commit crime, or scope? I don't quite 
not think about it, say if you remember ... I can't recall." 
want to steal, control yourself 
not to steal. I'll think about 
things like these." 
Example 7 illustrated Type 1 (similar). The pre-class answer showed that the 
participant had some prior knowledge about the question, and after the teaching, the 
• points that were included in the pre-class answer remained almost the same in the 
post-class answer. No extra point was added. Some of the points were similar to 
or overlapped with what was mentioned in the class. 
• . 
Example 7. Knowledge change with the teacher-centered teaching: Type 1 (similar). 
Q23: What is motivation? 
S i r s answer (pre-class): Teaching Sll 's answer (post-class): 
"I think, say you do a thing, The professor defined "Motivation (to leam) is force 
there is force that drives vou to motivation: that drive students to leam 
that is called motivation, I Motivation is the something." 
think." desire/want/med to do an 
action. 
The classroom process of Type 1 (nil). 
The cases of Type 1 (nil) showed that the participants did not construct relevant 
knowledge with the stimuli, the experience or the information, provided in the 
teaching. Under the same teaching, like Question 4,6,11 and 21, when some 
participants underwent Type I's knowledge change, there were other participants 
who were able to construct knowledge, as knowledge change was observed, which 
indicated that the teaching did provide the stimuli, but there were participants who 
did not construct knowledge with them. 
According to the post-class answer of the only participant who underwent Type 
1 (nil) in the constructivist teaching (see Example 5), the participant (S8) could recall 
some details of the classroom process, which indicated that she had involved in the 
learning situation, but she was not able to make sense of it and consequently did not 
construct relevant knowledge successfully. Similarly, the post-class answer given 
by the participant in Example 6 (S3) who underwent Type 1 (nil) in the 
teacher-centered teaching also indicated that she received the information, but she 
did not understand it and she could not recall it, so no relevant knowledge was 
constructed. 
• . 
The basic learning processes in the two contexts were similar (see Figure 5). 
The professor provided the learning situation or the information, but the participants 
was not able to make sense of it and failed to construct relevant knowledge. Only a 
few cases of this type of knowledge change were found, which implied that only on a 
few occasions the participants had difficulty in understanding the teaching and did 
not construct relevant knowledge. 
Figure 5. The classroom processes of Type 1 (nil) (basic process in red). 
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The classroom process of Type 1 (similar). 
Cases that belong to Type 1 (similar) were only found under the same 
teacher-centered teaching. Question 23. They shared the same feature that the 
content presented in class was not much different from their prior knowledge. It 
was observed that the participants did pay attention, which means they were likely to 
have received the stimuli. They would also understand the stimuli, as the stimuli 
was similar to what they already knew. No knowledge change was identified, 
because they just got the similar material they already knew from the stimuli. 
Figure 6 showed the basic classroom process of Type 1 (similar). The 
participant received and understood the stimuli provided by the professor, but the 
• . 
content was similar to the participant's knowledge, and as a result the participant had 
no knowledge gain. Type 1 (similar) was not found in the constructivist teaching. 
In fact Type 1 (similar) took place only one time in the teacher-centered teaching, 
which was also rare. Reasonably, the material covered in class was usually 
something more than what the participants already knew, so there were fewer cases 
of Type 1. 
Figure 6. The classroom process of Type 1 (similar) in the teacher-centered context 
(basic process in red). 
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Type 2: Relevant Knowledge Gained without Prior Knowledge 
This type of knowledge change was found in both constructivist teaching and 
teacher-centered teaching. The participants first failed to answer the questions in 
the pre-class interviews, as they did not have prior knowledge about the questions. 
But after the teaching, the participants gained relevant knowledge and were able to 
answer the questions by recalling the points mentioned in the class. 
Example 8 and 9 demonstrated the knowledge change of Type 2. Since the 
participants had no prior knowledge, the pre-class answers were similar to Type 1 ’s 
(nil). However, in Type 2，relevant knowledge about the subject matter was 
successfully constructed after the teaching. The participants' post-class answers 
were made up of different points mentioned in the class but none of them included 
• . 
Example 8. Knowledge change with the constructivist teaching: Type 2. 
Q5: What is discovery learning? 
answer rore-classV Teaching S7 s^ answer (post-class): 
"Don't know." The professor presented the "Let me see ... It's you who 
outline on the whiteboard: discover something, not teacher 
• Teacher designs environment telling vou the apple is red. It's 
• Student explores it vou who observe bv yourself. 
• Teacher provides goal For example, it's like letting 
• Students decides on methods students do an experiment. The 
Then the professor demonstrated teacher needs to prepare the 
teaching a class of discovery equipment and help them to 
learning. After the organize the things. That is to 
demonstration, the students were help them to discover a theory or 
asked to evaluate the class. a equation." 
Example 9. Knowledge change with the teacher-centered teaching: Type 2. 
Q15: What is self-regulation? -
S i r s answer rpre-class): Teaching S i r s answer (post-class): 
"No idea ... is it self regulating The professor lectured on "Self-regulation, there are 
something? (laughed) ... Don't self-regulation. The notes are as several types. One is conscious 
l^ ow，， follows: control, autonomous control and 
Self-regulation active control. Autonomous 
Autonomous control is instant, his (the 
• Adapt actions to situation instructor's) example is you drop 
• Not reflective a pen, without much thinking. 
Active re2ulation you pick it up immediately. 
• Trial and error Active is vou will trv. test it. 
• Test each one then do it again and do it again. 
• Think of action Conscious control is vou won't 
Conscious (realM test it. but based on vour 
• Test ideas without action knowledge or reading books, 
‘ • Thought experiments then vou think, and test it in vour 
• Think about thought mind and then do it." 
• . 
all the points. Compared to what was actually presented in class, the participants 
had their own presentation rather than an exact recall of the details. The 
participants did not use the same wording in their post-class answers, except those 
special terms such as "conscious control" (see Example 9). 
The classroom process of Type 2. 
In contrast to Type 1 (nil), the participants, who had no prior knowledge, were 
able to make sense of the stimuli and construct relevant knowledge during the 
classroom process. However, participants' answers to the same questions included 
different points. This could be explained by the knowledge construction process 
and the knowledge retrieval process. Individuals are different in their attention and 
memory, and learning is a constructive process. Although the participants might 
receive similar stimuli, every participant could have selectively paid attention to 
different things. They were unlikely to get a hundred per cent of the stimuli that the 
learning situation contained or the professor presented. Moreover, different 
participants would construct their own knowledge (representation or scheme) with 
the material they had paid attention to. So they would have their own presentations 
of different points in their memories. 
When the participants were asked to answer the questions in the post-class 
interviews, they retrieved their knowledge from their memory. They would forget 
some of the knowledge constructed because of limitation of memory. Also, this 
retrieval process involved reconstruction of knowledge (Greene, 1992; Welch-Ross, 
1995). When the participants were being asked to answer questions during the 
post-class interviews, instead of an exact recall, they brought up the key elements 
• . 
they could remember, such as the terms and examples in Example 6, and put them 
together using their own words. Participants might have another presentation of the 
details because they reconstructed the knowledge once again when they told the 
answers. 
The basic classroom process of Type 2 was that the professor provided the 
stimuli and the participant constructed relevant knowledge with them (see Figure 7). 
Type 2 took place more often with the teacher-centered teaching than the 
constmctivist teaching. This was because the subject matter taught with the 
teacher-centered teaching, such as cognitive information processing and 
metacognition, could be less familiar to students in comparison with the subject 
matter taught with the constmctivist teaching, such as role-play and group work. It 
was more likely that the participants would have no prior knowledge about the 
material covered in the teacher-centered teaching than in the constmctivist teaching. 
Figure 7. The classroom processes of Type 2 (basic process in green). 
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Type 3: Relevant Knowledge Constructed and Integrated into Prior Knowledge 
Type 3 refers to the situation that the participant already had some prior 
knowledge, and after the teaching, new relevant knowledge was constructed and 
• . 
Example 10. Knowledge change with the constructivist teaching: Type 3. 
QIO: What are the benefits of using metaphors? 
SI?；, answer fpre-class): Teaching S12's answer (post-class): 
"(When) a thing is new or The professor summed up the "Students will remember more 
abstract, he or she (the teacher) following points after the easily, because they already have 
uses another thing that students discussion: the experience (of the metaphor), 
are familiar with as a metaphor. • easy to remember Maybe they will be more 
Thev will understand (the new • metaphors are interesting interested, less bored. Or it's a 
things more easily " • an informal way of being bit more novel, not always 
creative talking about the content in the 
• it helps organize concepts textbook ... It (the metaphor) 
• leam something quickly makes the class more lively, 
more systematic, and students 
will understand more easily" 
Example 11, Knowledge change with the teacher-centered teaching: Type 3. 
Q17: How to do a demonstration? 
answer rore-classV Teaching S17's ajiswer (post-class): 
"...the teacher does The professor gave a "••• demonstrate to students, use 
(something^ once, maybe demonstration and explained the some activities, ask students to 
(students) still don't understand, following points: come out and demonstrate, or 
so he or she does it again. Teaching New Ways the teacher demonstrates . •. first, 
explains until we understand ... • Get students ’ ideas/ways he or she needs to explain what 
for example, like the professor. • Show new way the demonstration is about, then 
Last time he demonstrated how • Analyze new way he or she demonstrates once, or 
to write an essay. It is good, • Students practice, teacher asks students to try, something 
very concrete …” advises like that.. • (after the 
demonstration) he or she needs 
to analyze if doing like that is 
good or bad, and the problem." 
‘ integrated into the participant's prior knowledge. This was evidenced in the 
post-class answers that had the similar points in the pre-class answers and included 
other new points. In Example 10,11 and 12, the participants had some prior 
knowledge before the teaching, as they could give sensible pre-class answers. After 
• . 
the teaching, their answers extended while the points previously mentioned 
remained. 
Example 12. Knowledge change with the constructivist teaching: Type 3 with 
original points. 
Q22: What are the difficulties of group work? 
Sin' , answer fpre-class): Teaching SIO's answer (post-class): 
"...compromising of different The professor held an open "First, conflict of opinion, the 
opinions may be difficult. Quite discussion. The following points same point. Besides, someone 
often there is conflict of were mentioned by the students: said one could dominate (in a 
opinions …For primary • some students mav dominate group). People who know more 
(students), the teacher needs to • students mav not be able to will speak more, but I think this 
follow closely, but in Hong cooperate lis not a problem, because people 
Kong it's difficult (because there • seating arrangement |who know (what to do) wilT 
are usually 40 students in a • grouping [guide people who don't kiii^ 
class). You need to give • noise (which is a benefit). Classroom 
students guidance continuously, • off-task management would be difficult, 
and you need to follow their • students pay no attention to por example, too noisv. I had the 
progress. But if you think about the teacher when discussing experience that a class (I 
that has so many • it is difficult for the teacher to attended) was too noisy to 
students, even when there are 10 monitor the whole class discuss. And it's difficult to 
teams, it's difficult to manage. • group grading is not fair control if the students are not 
And it's hard to guide them. • not enough time doing what vou want them to do. 
When do they find difficulty? Besides, there is still one thing 
You need to guide them well so that the teacher will find difficult 
that students can do it to monitor. This is important 
successMy ..." because there is one teacher but 
many students. Which group can 
you follow? You give some time 
to this group, some time to that 
group. At the end, can't follow 
every group well... [There is 
‘ one thing, we discussed, which 
is time-consuming. The 
[(discussion) time is too long. 
Not manage the time well, like 
thisclassi..." 
• . 
Examples 8 to 11 showed how new knowledge, or new points, was constructed 
after the teaching. The new knowledge in those examples was basically material 
that had been brought up to the whole class during the teaching. As mentioned 
earlier, original points, new knowledge that had not been brought up in front of the 
whole class, were only found in Type 3 under the constructivist teaching. Example 
12 was an example of Type 3 that had original points. The post-class answer in 
Example 12 was an integration of the pre-class answer, points mentioned during the 
teaching as well as original points (lines in frames). It was clearly shown in the 
example that the participant herself thought up the first original point，and the second 
original point was conceived through group effort. 
The post-class answers of Type 3 shared similar characteristics with the 
post-class answers of Type 2. No post-class answers had all the points that were 
mentioned in the classes and the participants had their own expressions of the points. 
The original points that were included in the post-class answers of different 
participants could be different from one another under the same teaching. 
The classroom process of Type 3. 
Type 3 could be understood in contrast to Type 1 (similar). During the 
classroom processes, the participants received the stimuli, but instead of having no 
knowledge change in their existing knowledge, the participants were able to 
construct relevant knowledge and extend their prior knowledge (see Figure 8). 
‘ Prior knowledge and new knowledge were linked up together, as their post-class 
answers combined prior knowledge and new knowledge. 
• . 
Figure 8. The classroom processes of Type 3 (basic process in blue). 
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The constructivist model 
Type 3 was similar to Type 2 in the sense that the participants tended to pay 
selective attention when constructing knowledge, and reconstruct the answers in the 
post-class interviews. As mentioned earlier, subject matter that were covered in the 
constructivist teaching were more familiar to the participants, so the participants 
were more likely to have prior knowledge to build on, which resulted in more cases 
of Type 3 under the constructivist teaching. 
The evidence of original points was the only major difference of the two 
teaching approaches regarding to knowledge change. There was no original point 
found in the teacher-centered teaching, as all information was given to the whole 
class by the professor, and students were not given the chance to contribute their own 
thoughts. On the contrary, during constructivist teaching, plenty of time was given 
for students to think up ideas when solving the problems of the learning situation. 
Some of these ideas might not be brought up to the whole class and became original 
‘ points. The light blue arrows in Figure 8 highlighted what made the difference 
between the two models. 
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The constmctivist model allowed a creative process to take place during the 
interaction between the different parties via the learning situation. Students could 
generate and share their own knowledge. Because every participant would interact 
differently with the learning situation during the classroom process, different 
participants would have different original points in their post-class answers. They 
would form different groups and sometimes they would discuss different questions, 
and so the original points they gained from the learning situation could be different. 
The constmctivist classroom process facilitated different understandings of the 
learning situation. 
However, most constmctivist activities usually ended with an open discussion 
or a summing-up session. Information would be shared among all parties. This 
could possibly lead to underestimation of the actual amount of creative process that 
had taken place in the constmctivist teaching. Points initially thought up by the 
participants but later brought up to the whole would not be considered as original, 
because it was difficult to verify whether the same point in the participants' 
post-class answers was actually thought up by themselves or acquired from the open 
discussion. Points that were "originally" thought up in the classroom process might 
not be identified as original points in the analysis. 
Besides, original points were not found in Type 2, although relevant knowledge 
was also successfully constructed. Prior knowledge seemed to be required in the 
. creative process of original points. When the participants knew nothing and had no 
experience about the subject matter, conceivably, they could hardly create original 
points. 
• . 
Similarity and Difference between the Two Teaching Approaches 
The three types of knowledge change took place with both constructivist 
teaching and teacher-centered teaching. As shown in Figure 6, 7 and 8, the basic 
classroom processes of the knowledge change were more or less the same. The 
teacher provided the stimuli, the learning situation or the information, and the 
participants tried to make sense of them and construct relevant knowledge. 
Knowledge construction requires the stimuli, and both the constructivist teaching 
and the teacher-centered teaching are means of offering them. The conditions for 
the three types of knowledge change identified in this study were summarized in 
Table 9. 
Table 9 
Conditions of the knowledge change 
Conditions Knowledge Change 
Participants:— Type 1 (nil) Type 1 (similar) Type 2 Type 3 
—~— z 
1. had prior knowledge * ^ 
2. were able to make sense of the stimuli * ^ ^ ^ 
3. gained new relevant knowledge * * 乂 乂 
The original points denoted a distinctive effect of the constructivist teaching on 
student learning. Participants were allowed to interact in the learning situation and 
engaged in the process of creating original points. They were not only recipients of 
the information transmitted by the professor as in the teacher-centered context. 
They could construct knowledge with ideas they themselves thought up instead of 
just what the professor provided. The constructivist teaching employed in the 
course had the edge on the teacher-centered teaching, as it facilitated a creative 
process of knowledge construction. 
• . 
The Learning Outcomes 
The classroom processes and their relations to the changes in participants' 
knowledge have been discussed. This section focuses on the learning outcomes and 
their relations to the classroom processes. However, it would be erroneous to 
define a causal relationship between the classroom processes and the learning 
outcomes without looking into the outside-class learning. Learning could take 
place anytime outside class, and what the participants did outside class could be 
irrelevant to the teaching but have an important effect on the learning outcomes. So 
the outside-class learning of the participants concerned was first addressed. 
Outside-class Learning 
The seven participants of the final interviews adopted a similar approach to 
studying. Their accounts on what they usually did and how much time they usually 
spent on this course after class were summarized in Table 10. 
Most of them reported that they usually spent less than 30 minutes on this 
course each week. The usually read the notes or the reading and checked the 
E-mail. Some of them reported that they spent two to three hours on the course in 
the first several weeks because they did not have to do any assignments when the 
term just started. Later on they spent less and less time on this course because they 
got other assignments to do and they just had to hand in the assignment for this 
course at the end of the term. One participant used a Chinese idiom, "soldiers 
attack, military defend"(兵來將擋)，to describe his approach to his studies, which 
means that things were done only when the situation made it necessary. In fact, 
most other participants' accounts indicated that they adopted this kind oiad hoc 
• . 
Table 10 
Participants, accounts on their outside-class learning 
I Time/week I Summary —IPreparat ion for the quiz 
SI < 30 min The participant would check the emai l .He did The participant said he had read 
not have much time reading. During the first two the textbook and the notes when 
weeks, he spent 2 to 3 hours reading the course doing the paper. Then he 
materials, but later on he spent less time. He said discussed with classmates for an 
that what he did depended on the course hour, 
requirements. He believed that this course did not 
need much reading. 
S ^ 30 min During the first five weeks, the participant spent 1 The participant said she 
to 2 hours reading the textbook and doing revision, answered the questions by 
But afterwards, she read only the notes. In the herself first and then asked her 
last few weeks, she spent no time on the course. classmates about the questions 
she did not understand. 
S8 <30 min During the first two weeks, the participant said she The participant did not prepare 
read more reading. But later she found that the for the quiz. After a classmate 
course was not di伍cult, as there were only one prepared the answers, they 
assignment and a quiz, so she spent less time. She discussed them for an hour, 
wanted to read, but she did not really do so. 
510 0 min - — No preparation was done. The 
participant spent 15 min 
discussing the questions with 
classmates. 
511 <30 min The participant read the reading and the E-mail. The participant did no 
preparation but finished the 
paper alone and compared her 
answers with classmates. 
S13 <30 min During the first four weeks, the participant usually The participant said she did not 
spent 2 to 3 hours on this course. She would read prepared for it but answered the 
the reading, try to understand it, but would not questions alone and discussed 
memorize the details because she understood the briefly with classmates just 
professor was not going to test them this way. before the quiz. 
Afterwards, she spent less than 30 minutes mainly 
‘ reading the notes. 
sTY 30 min The participant would read the notes and handouts. The participant said she had 
She had read the textbook only in the first few skimmed the textbook and notes, . 
weeks. and then discussed the questions 
with classmates for an hour. 
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approach to their studies. The following participant gave a typical explanation 
when she was asked to compare the outside-class learning of this course and of the 
others: 
Sll： The other courses had a lot of homework. I spent a lot of time there. And there were 
mid-term examinations and tutorials that needed to be prepared. When you have the 
assessments, you look at it as more important. This course didn't have those 
assessments. We just had to attend the class and had no presentation, so I spent less time 
on it. 
The participants basically concentrated on meeting the deadlines of the other 
assignments. When a course did not have those regular assignments, their 
resources would be drawn to somewhere else. 
The participants were also required to take a quiz two weeks after the last class. 
The quiz paper was e-mailed to the students beforehand. The professor suggested 
that students could discuss the questions before they took the quiz. The participants 
were also asked how they prepared for the quiz in the final interviews (see Table 10). 
Most participants finished the paper by themselves first. Some of them read the 
notes and the textbook to look for the answers. Then they discussed their answers 
with classmates for an hour or so. 
The amount of outside-class learning the participants did, including the 
preparation for the quiz, seemed to be little. The things they did were largely 
related to the time they had, and their relation to the differences in teaching was not 
observed. Nevertheless, their outside-class learning had to be weighed when 
considering how much the classroom processes or the in-class learning could 
• . 
account for the learning outcomes. The revised version of Bloom's taxonomy 
(Anderson & Krathwohl, 2001) was used as the framework for the assessments. 
Recalling 
The first category of the taxonomy concerns about how much relevant 
knowledge the learners could retain after the teaching and learning process, which 
includes recognizing and recalling. The assessment of remembering in this study 
was confined to recalling. Recalling involves retrieving relevant knowledge from 
the memory when given a prompt (Anderson & Krathwohl, 2001). 
To assess recalling, nine questions were asked in the final interview (see 
Appendix D). There were four questions about the subject matter taught with 
constmctivist teaching and the full marks were 33. The other five questions were 
about the subject matter taught with teacher-centered teaching and the full marks 
were 28. The results were showed in Table 11. The participants recalled an 
average of 38% of the full marks of constmctivist teaching, and 43% of 
teacher-centered teaching. 
The average of teacher-centered teaching was higher than the average of 
constmctivist teaching. This could be explained by Question 1 and Question 2, 
which were the questions that the participants could recall the most points (more 
than half of the full marks). These two questions were about the topics of the first 
. several weeks when most participants had done more revision outside class, 
especially Question 1 that was about the topic of the second class. In fact, the 
results of Question 1 accounted for the higher average of teacher-centered teaching. 
If questions about the topics of the first four weeks were omitted, that is, Question 1 
• . 
Table 11 
Performance of recalling (Question! to Question 9) 
Question! Full marks ^ S 2 S 8 S I O Sll | S13 | S17 
Constructivist teaching 
2 4 4 3 2 2 2 1 I 1 -
7 7 4 4 3 3 3 2 4 
8 10 5 4 3 3 4 4 4 
9 12 2 2 1 4 5 5 4 
^ 15 13 9 12 14 12 13 
Average of recalling = 12.6 (38% of full marks) 
Teacher-centered teaching 
i 1 5 9 7 9 n 6 9 6 
3 4 1 1 0 0 2 3 0 
4 4 3 0 0 0 r 0 0 
5 2 2 0 i 1 2 2 2 
6 3 0 i 0 2 i 2 0 
M 15 9 10 14 12 1 6 8 
Average of recal ing= 12 (43% of full marks) 
Table 12 
Performance of recalling (Question 3 to Question 9) 
Question! Full marks S I ^ ^ ^ S l l S13 | S17 “ 
Constructivist teaching 
^ 7 4 4 3 3 3 2 4 
8 10 5 4 3 3 4 4 4 
9 12 2 2 1 4 5 5 4 
"JM 29 n 10 7 10 12 U 1 2 
Average of recalling = 10.4 (36% of full marks) 
Teacher-centered teaching 
^ ^ 1 1 0 0 2 3 0 
4 4 3 0 0 0 i 0 0 
5 2 2 0 i i 2 2 2 
6 3 0 1 0 2 i 2 0 
13 6 2 i 3 6 7 2 
Average of recalling = 3.9(3 0% of full marks) 
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and 2, the average of teacher-centered teaching dropped (see Table 12). The new 
average of constructivist teaching was 36%, which was slightly lower than the 
original average. However, the new average of teacher-centered teaching was 30%, 
which was much lower than the original. The new average of constructivist 
teaching was then higher than the new average of teacher-centered teaching. 
The classroom process and recalling. 
As shown in the results, the outside-class learning affected the averages of 
recalling. When the outside-class learning diminished after the first four weeks, the 
results indicated that recalling of the material learned with the constructivist teaching 
was better than the teacher-centered teaching. This could be attributed to the 
differences in the classroom processes. 
Constructivist teaching facilitated more elaborative processing of material; 
longer time was spent on a lesser amount of material in the constructivist teaching 
than in the teacher-centered teaching. The participants were often asked to think 
about and discuss the material in class. This elaborative processing of the 
information could help remembering (Anderson, 2000). For instance. Question 5 to 
8 were all covered in the 9th class. The material about Question 5 and 6, which 
was taught with teacher-centered teaching, took up 11 minutes of the class time. 
( 
The professor lectured and the students listened. The material about Question 7 and 
8 taught with constructivist teaching took up 55 minutes. The students formed 
groups to have discussion and the professor summed up their ideas. Not 
surprisingly, the participants would have more elaborative processing of the material 
about Question 7 and 8 than Question 5 and 6, which could in turn help them 
remember. 
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Besides, during the constructivist classroom process, students were usually 
asked to use their prior knowledge to answer questions and new knowledge was 
taught in the meantime or later in the open discussion. The encoding of new 
information would be enhanced when the relevant schemata that the students had 
were activated during the learning process (Bruning, Schraw, & Ronning, 1999; 
Driscoll，2000). For example, in the 10th class (see Table 13), students were first 
asked to recall their experiences about motivation, and new knowledge, strategies for 
enhancing motivation, was then introduced. Because relevant knowledge was 
usually activated in the constructivist teaching, the participants could remember the 
material better, like Question 9. In contrast, prior knowledge was usually not 
Table 13 
The 10th class's lesson plan 
Class: 10 -
Topic: Motivation 
Theme question: When do you feel motivated to leam? 
Time I Content Activities 
20 min Experiences of feeling motivated Students recall learning experiences that 
they felt motivated 
5 min Strategies for enhancing motivation: Mini-lecture 
Confidence 
10 min Students' experiences and Confidence Students match the strategies to their 
experiences 
5 min Strategies for enhancing motivation: Mini-lecture 
Attention & Relevance 
10 min Students' experiences and Attention & Students match the strategies to their 
Relevance experiences 
10 min Break 
. 5 min Strategies for enhancing motivation: Mini-lecture 
Satisfaction 
10 min Students' experiences and Satisfaction Students match the strategies to their 
experiences 
15 min Summing up: Which of these can be Open discussion 
used 
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activated during the teacher-centered teaching, since the topics were directly 
introduced to the participants. The material about Question 6, metacognition (see 
Table 7), for example, was presented to the students without asking students to recall 
any relevant experience. 
The process of constructivist teaching facilitated better encoding and in turn 
recalling, on condition that the effect of outside-class learning was excluded. 
However, the two averages of recalling were below 40%, which was a slightly low 
percentage. This result could be attributed to the course requirements and the 
design of the final interview. The course requirements did not urge students to 
memorize the material. The students were assessed through the classroom and 
E-mail participation, the quiz and the assignment. Because they already had the 
question paper to prepare for the quiz, they did not need to memorize all the details. 
Also, the participants were not asked to prepare for the final interview and the 
interview was conducted two weeks after they had handed in their assignments, 
which was about a month after the last class. The delay could be a factor leading to 
forgetting. 
Critiquing and Generating 
The second part of the assessment of learning outcomes focused on the use of 
knowledge, that is，the fifth and the sixth category of the taxonomy, evaluate and 
create. These two categories include different cognitive processes，but with respect 
to the design of the course assignment, the assessment was confined to critiquing and 
generating. In the assignment, students had to: (1) evaluate the positive and 
negative features of a class on tape, and (2) suggest possible solutions to the 
problems they identified. Three assignments were collected from the participants 
• . 
who participated in the final interviews. These three assignments had got grades 
that were about average. The videotaped classes they had chosen for their 
assignments were different from one another. All of their assignments were done in 
groups. The participants reported a similar way of doing the assignment. They 
first met several times to watch and discuss the videotaped lesson. They then 
divided the assignment into different parts and worked alone before combining them 
for submission. When they were doing the assignment, they sometimes referred to 
the course materials, such as the textbook and notes. 
Unlike recalling, there was no model answer for assessing critiquing and 
generating. Their assignments were assessed in terms of the quality. The 
critiquing (comments) and the generating (suggestions) were two different parts in 
the participants' assignments, so the statements in the different parts were analyzed 
separately. In each part, statements about the same argument were first grouped 
together and then classified into: (1) points about the material taught with 
constructivist teaching, and (2) points about the material taught with 
teacher-centered teaching. These points were then marked either as quality points 
or deficient points. Quality points were defined as comments or suggestions that 
were straightforward and well reasoned (see Example 14 & 1”. Deficient points 
were defined as comments or suggestions that were neither straightforward nor well 
reasoned (see Example 16 & 17). As shown in the examples, quality points were 
clear, direct and reasonable, but deficient points were either misinterpreted or short 
of proper reasoning. 
Table 14 showed the results of the analysis of the participants' assignments. 
The results showed that in both critiquing and generating there were higher 
• . 
r 
Example 13. Excerpts from participants' assignments: Quality points of critiquing. 
Constructivist teaching Teacher-centered teaching 
«... reading the passage can help to generate a "... the teacher did not assign any homework for 
sense of satisfaction among the students. It created, the students to do. Without any. further .practice,. 
the natural consequence by .proyiding them mth. 曲 专 nXQJXG卯! 
？ h 抑 专 妝 v d y . 恥 s u c h as b-驳?Uy-pr-Qp-?站魄term见专mQ-iy: 
vocabulary and sentence structure." (Group 2) Therefore students might forget easily as they. 
could not.haye the opportunity, to.consolidate 
what they, had legmnt," (Group 3) 
Example 14. Excerpts from participants' assignments: Quality points of generating. 
Constructivist teaching Teacher-centered teaching 
“…the story in the rolepjay is related to students：. “. •. the teacher should reorganize the routines in [ 
dailxencpunters ... All these help to increasethe. more systematic way. For instance, she can ... 
relev^ceofthejask or the language to students' Students can have deeper memory about the 
daily lives. Students are more motivated to leam if transports because it is . 明 专 i r . 
they find the materials relevant to their daily 
lives” (Group 2) encpdedj.n a.systmatic way " (Group 3) 
Example 15. Excerpts from participants' assignments: Deficient points of critiquing. 
Constructivist teaching Teacher-centered teaching 
"The students were required to apply the sentence "... using both visual and auditory devices is an 
structure through interaction with the others. In example of information display. The teacher tries 
this way, the target sentence structure, students' to enhance students, long term memory" (Group 
daily life and their past experience can be linked 2) 
together. This can motivate students to apply the 
target structure in expressing their ideas" (Group 
2) 
Example 16. Excerpts from participants' assignments: Deficient points of generating. 
Constructivist teaching Teacher-centered teaching 
“The teacher should walk around for supervision“…correctin^he answers of the game and the 
or help and give some hints to students who have students writing down the correct answers 
• problem in the game so that students，confidence students to out the information into long term 
can be enhanced." (Group 3) memory " (Group 3) 
• . 
percentages of quality points with the constmctivist teaching than the 
teacher-centered teaching. In other words, the percentages of deficient points with 
the constmctivist teaching were lower than the teacher-centered teaching. In 
general, about 80% of the points the participants made about the material taught with 
constmctivist teaching was quality points, and 20% was deficient; about 60% of the 
points of the teacher-centered teaching was quality points and 40% was deficient. 
Table 14 
Performance of critiquing and generating 
~~ I Constmctivist teaching Teacher-centered teaching 
G ^ 1 I 2 I 3 I Total % 1 I 2 | - 3 I Total . % 
Critiquing 
Quality points I 8 | 9 I 7 I ~ 2 4 T ! I 7 1 7 I 4 1 1 8 ^ ~ 
Deficient points 3 2 2 7 ^ 3 5 3 U W 
Total ~~31 100 100 
Generating 一 
Quality points I 2 | 8 I 4 1 1 4 ~ ^ ~ I 4 I 6 I 5 I 1 5 ^ 
Deficient points 0 1 3 4 0 4 6 10 4 0 ~ 
Total 18 100 100 
The classroom process and critiquing and generating. 
Critiquing and generating required transfer of the knowledge learned from the 
course to the assignment, that is, the new situation. Essentially, this transfer 
depends on the degree of similarity between the situation where knowledge is 
constructed and the situation where the knowledge is applied (Thomdike & 
Woodworth, 1901, as cited in Anderson, 2000). The transfer is more likely to be 
positive or successful when the two situations are similar, and vice versa. In fact, 
most of the learning situations of the constmctivist teaching involved students in 
evaluating demonstrations and thinking about suggestions for improvement. The 
similarity between these learning situations and the tasks students had to do in the 
• . 
assignment might facilitate the transfer of the knowledge learned. On the contrary, 
the task students had to do in the teacher-centered teaching were mainly listening to 
the professor's lecture, which did not have the similarity with the tasks in the 
assignment. 
The learning situations of the two concepts most frequently applied in the 
participants' assignments, namely cognitive information processing (see Table 5) and 
motivation (see Table 13), could be used as examples to illustrate the difference. 
Cognitive information processing was first introduced with teacher-centered teaching. 
The professor lectured on the topic with examples, and the students listened to him 
and made notes. There was no similarity between this learning situation and the 
assignment. For motivation, students were first asked to recall learning experiences 
that they felt very motivated, and then the professor introduced the strategies for 
enhancing motivation. Students were then asked to match their experiences to the 
strategies and discuss how they could use them in their teaching. They had to 
analyze their experiences with the new knowledge, which was similar to the 
critiquing in the assignment. This greater similarity might facilitate a better transfer 
of the knowledge. 
Similarity and Difference between the Two Teaching Approaches 
The recalling of the material taught with the constructivist approach was better 
than the material taught with the teacher-centered approach. This could be 
explained by the extra time for elaborative processing of the material and the 
activation of prior knowledge during the constructivist teaching. The constructivist 
teaching also resulted in better critiquing and generating. More quality points about 
the knowledge learned in the constructivist teaching were found in both critiquing 
• . 
and generating. The similarity between the learning tasks of the constructivist 
teaching and the assignment might facilitate the transfer of the knowledge. 
On comparison, the teacher-centered teaching was usually compact, so there 
was less time for elaborative processing，and the participants were seldom asked to 
recall their prior knowledge during the teaching. Besides, students were mainly 
listening to the professor's presentation during the teacher-centered teaching, which 
was dissimilar to the tasks in the assignment. 
To sum up, because of those favorable conditions, the constructivist teaching 
employed in the course had the advantages over the teacher-centered teaching in 
terms of recalling, critiquing and generating. 
Participants' Feedback on the Constructivist Teaching 
So far the findings were in favor of the constmctivist teaching, but the general 
participants' feedback was quite the opposite. Participants' opinions about the 
constructivist teaching were summarized. 
The Negative Side 
Some participants reported that they were confused by the constructivist 
teaching, especially at the beginning of the course when the professor asked them to 
. form groups and discuss. They said that they were not sure about what the 
professor wanted them to discuss and the questions were vague. 
S4： How is the class going ... quite confused ... during discussion. The situation was that at 
the start (we) discussed quite seriously, but didn't really get what the professor wanted us 
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to discuss, so the direction was shaky, and then in the end (we) gave up and chatted for 
the rest of the time. (Class 3, pre-class) 
Some participants said that they needed more guidelines for the discussions, as 
there was lack of direction. However, the tasks usually seemed to be clear enough. 
For instance, in the second class (see Table 5), the task that S4 felt confused was to 
use the theory of cognitive information processing to analyze a class on tape. 
Before the students were asked to do so, the professor had used "greeting" to 
illustrate the application of the theory and had given an example of the analysis. 
The task had already been explained quite clearly. 
Some participants said that the plain reason that made them feel confused was 
that they were not used to the constructivist teaching. They asserted that they did 
not preferred it. They were not used to the "new" approach in which they had to 
participate a lot, because they were in the habit of listening to the teacher presenting 
all the information to them. In short, they were more accustomed to 
teacher-centered teaching. 
S6: I feel the progress is very slow. Maybe Vm personally already used to the style that the 
teacher talks and I listen, the mode, teacher talks, I listen, already anaesthetized (don't 
have any feeling). I think he wants to stimulate our thinking, but not very successfully. I 
think he needs to put more effort ... you need to put more effort to push us, give more 
instruction. If you ask me yes or no，I would say I don't accept this style . . .He lets us 
think, but at the same time, he can talk more . •. (Class 4’ pre-class) 
S14: What is vague? ... how to say, for example, actually I prefer the professor talking more. 
Why? I feel if I work alone, I won't leam so much. I attend other courses, like General 
Education, whatever, the professor lectures non-stop, and almost no time to discuss. I 
• . 
think this is contrarilv more fulfilling after attending the class. The things learned will be 
more. (Class 7, post-class) 
A difference between the constructivist teaching and teacher-centered teaching 
was that the progress of the constructivist teaching was slower, as it usually took 
more time in covering less material, which could facilitate elaborative processing, 
but this was not appreciated. As S14 mentioned, what they preferred was receiving 
a lot of information during a class, so they would feel satisfied because they 
"learned" more in such a class and they would not mind having less participation. 
Some other participants shared the same thought that the professor should be more 
directive, talk more and "put more effort，” instead of giving them so much time to 
work by themselves. 
Sll： Teaching? A big problem. What is the problem? He asked the classmates to present 
something. Was it right or wrong? Not told. I understand the teacher respects for 
classmates ... allow classmates to have opinions ... I accept that the teacher tells me and I 
will accept (what he or she tells me). You didn't tell me, so were the things on the board 
right or wrong? If wrong, then what was I doing? I don't know what I was doing. This is a 
big problem. (Class 11, post-class) 
Some participants, like Sll, were frustrated because the classes were too 
“vague” to them and they did not know the "direction." They would expect that the 
teacher told them what they should know. When the teaching was all about 
students' own ideas, they felt they learnt nothing from the class, as they were left 
with uncertainty about what was right or wrong, or something that was not told by 
the teacher. . 
• . 
S13: Actually attending this class, I feel quite relaxed, just discussion by ourselves, and then 
writing down the answers; there won't be a lot for us to copy. But after class, maybe too 
relaxed, not nothing to get, but first hadn't read the reading, attending the class is easy, he 
doesn't talk a lot, naturally, feel not much will be remembered in mind, if don't read the 
notes again .. • Especially the other courses have comparatively more homework, this one 
only has a project. When many things are packed together, we will not pay attention to 
this kind of courses and read the reading, because he won't ask. (Class 7’ post-class) 
Not only the participants found the teaching of the classroom process was 
different from the way they were used to, but also the way they learned. They 
usually got notes to copy, questions to answer, homework to do，and tests to take. 
When all of a sudden the things changed, they felt not only confused by the teaching, 
but also "relaxed" by the learning. Most other time the participants were being 
stretched, figuratively. When the force disappeared, they did not know where to go. 
They felt "loose" when the class time was holding in their own hands and they did 
not have the "impetus" or motivation to work by themselves. 
S2: Maybe I lost the interest ...in the tasks, felt bored, didn't want to think anymore. Many 
things I think were discovery learning, very much based on vour own thinking, but if I 
didn't have the eagerness to think, then I became not interested . . . the reason why (I) 
didn't have the eagerness to think . .. I think there were not enough guidelines, just a 
question, don't know which direction to follow, and I think people around didn't want to 
think, and (I) didn't have much idea alone. Didn't have the impetus to participate, (final) 
Some participants, like S2 and S4, ended up talking about something else in the 
discussions, but they also thought they lost the direction and others did not want to 
participate. Some participants, like S2, did understand that participation and 
thinking were important in the constructivist learning environment, but the problem 
76 “ 
was that they did not have the eagerness to do so, because they were not pushed or 
motivated. They would expect the teacher to direct them but not they directing 
themselves to leam, and this was the way they preferred. However, some 
participants had the insight into the situation and they were those who appreciated 
the teaching. 
SIO: The problem is not the focus (direction). If you think in the students' perspective, why 
they were so loose, the most probable reason was not about the focus ... first, the students 
did not have pressure, and they were lazy ... only those who wanted to talk would talk 
(participate), like us, five people and two of us didn't talk .. .at the beginning of the class, 
he already told us to pay attention to the events on the tape and think about whether that 
was good. At the start, he reminded us already ...he gave us some guidelines ... I think 
that's enough regarding to this ... What I mean the pressure is whether (we need) to report 
at the end. If they (all of them) needed to report, they would be very excited ... (Class 3, 
post-class) 
S15: He (the professor) asked us to discuss. I think this problem appeared quite long ago. Some 
classmates, like those at the back, I think they were not discussing this, because I was 
sitting in front of them ... I've thought about this problem. We've been receiving 
traditional education, that is. the teacher, one talks, one answers, one talks, one answers. 
(We are) not used to the mode he used . •. Attending this class, if the person has the 
eagerness to participate. I think (he or she) will leam. but if the person rejects this 
approach, he or she will get nothing ... I think I'm adjusting ... In the past (beginning), 
my partners talked a lot and I just wrote down my own ideas, but now, we tend to argue 
about one another's ideas, because sometimes he suddenly asked vou to present, so we 
. needed to think thoroughly. This has improved our participation. (Class 9’ post-class) 
These participants pointed out that many students could not get used to the 
constructivist teaching approach, and in such a lack-of-pressure environment not 
• . 
many students would use their initiative to think and work. Some participants 
believed that their eagerness could be boosted especially when they were asked to 
present their ideas to the whole class because they would feel the pressure, or in 
other words, they would be extrinsically motivated. 
The Positive Side 
The constructivist teaching was comparatively new to the students, so most of 
them would need to adapt to the different learning environment and they might be 
reluctant to the change. In fact there were fewer participants who gave positive 
feedback on the constructivist teaching. 
S13: Actually I think his teaching is quite novel, which is different from the usual, professor's 
lecture. I didn't know this is called discovery learning, I'm not sure though. He gives us 
some stimuli, such as video or questions, tells us to find out the answers through 
discussion, and then he posts up our answers on the board, something like that. Then he 
will ask us to discuss the answers and won't give us a model answer. I think he teaches us 
this theory and he is applying •.. Maybe, at secondary school and primary school, we 
were not using this mode. Now need us to do, we will try, but is it really able to use this 
approach to learn eflfectivelv? Not definitely, because it's still trying, preliminarily. The 
outcome may be different. But there is one precious thing that (you) discuss with others, 
ran pftt different classmates' opinions, and think about the different sides of a problem. So 
when thinking, there will be more dimensions. Not just he talks. Putting up hands to ask 
question is difficult for Hong Kong students. Others will look at you as a monster ... 
better at university. But if he talks, we unavoidably play the role of a passive learner. If 
• you ask which one I prefer, I prefer discovery learning ... I think sometimes learning is 
not necessary that you must know what it is then say you have learned it. Sometimes 
there’ re generic skills, like how to analyze, discuss, which are more precious. I think ... 
This is at least a start which let me know this approach is possible. (Class 7’ pre-class) 
• . 
These participants, like S7, S13 and S15, were more open to the constructivist 
approach. They understood how the approach was different and believed that they 
needed time to adjust to it. More importantly, they could appreciate the strengths of 
the constructivist approach. For instance, S13 said that the discussion allowed her 
to think about a problem more thoroughly and benefit from the multi-perspective, 
and the skills she could acquire were also valuable but not only the information the 
teacher presented. 
Summary 
Two models were derived in an attempt to portray the classroom processes of 
the constructivist teaching and the teacher-centered teaching. The constructivist 
classroom process allowed the time for students to think and construct knowledge 
. collaboratively, while the teacher-centered classroom process was simply a direct 
transmission of knowledge from the professor to students. Knowledge change was 
observed as a result of the two teaching approaches and the types of knowledge 
change primarily depended on whether the participants had prior knowledge and 
understood the teaching. The constructivist teaching facilitated a creative 
knowledge construction process, as original points were only found in it. 
Different levels of learning outcomes were assessed, including recalling, 
critiquing and generating. The results of the constructivist teaching were better 
than the teacher-centered teaching. Constructivist teaching allowed a deeper 
. processing of the knowledge and activated the participants' prior knowledge. The 
similarity between the situation of learning with the constructivist teaching and the 




However, the participants adopted an ac hoc approach to their studies. They 
did a little amount of revision outside class and the effect was showed in the overall 
results of recalling. Many of the participants felt that they were not used to the 
constmctivist teaching because they received too little instruction from the professor 
compared with other conventional teacher-centered courses, but there are 
participants who appreciated the strengths of the constmctivist teaching. 
• . 
V. DISCUSSION 
To recap, constmctivist teaching is an alternative to the conventional 
teacher-centered model of university teaching. In this study, it was evidenced that 
the constmctivist teaching had advantages over the conventional teacher-centered 
teaching in certain aspects. 
The Strengths of Constmctivist Teaching 
Both the constmctivist teaching and the teacher-centered teaching provided the 
stimuli, the experience or the information, for students to construct knowledge, as 
students gained knowledge in both teaching contexts. However, during the 
constmctivist classroom process, students were practically using their existing 
knowledge and the additional infonnation provided by the teacher and peers to solve 
the problems they encountered in the learning situation. They were given the time 
to think, work with one another, and involve in a creative process of constructing 
their own knowledge. On the other hand, during the teacher-centered teaching, 
students were just accumulating knowledge that was presented to them. What 
students did under the teacher-centered teaching had little relevance to the 
higher-order skills. 
At the level of learning outcomes, the results showed that not only the use of 
the knowledge gained in the constmctivist teaching was better in respect of 
critiquing and generating, but also the retention of the knowledge. Students had 
more time to process the knowledge and their prior knowledge was activated in the 
constmctivist teaching. Moreover, the similarity between the learning situations of 
• . 
the constructivist teaching and the situation of using the knowledge in the 
assignment facilitated the transfer of knowledge. 
Evidently, the constructivist teaching fostered the use and creation of 
knowledge. The constructivist teaching was more appealing in comparison to the 
teacher-centered teaching, especially when higher-level skills are demanded. 
However, the strengths of constructivist teaching might not necessarily reflect in 
student evaluation of teaching. The participants in this study were so used to 
teacher-centered teaching. Many of them preferred lecturing to the constructivist 
teaching. When teaching has been so conventionally teacher-centered, learners 
naturally expects to listen to the teacher's instruction when they attend a class, which 
is opposite to the way they are expected to leam in the constructivist environment, 
that is, to leam through thinking over the problems themselves. As some of the 
participants mentioned, this mismatch between their learning habits and the different 
demands on their learning made them feel lost, although learning with the 
constructivist teaching was still found to be better than the teacher-centered teaching. 
The change of teaching approaches may be dissonant with the learners' habits or 
expectations and hence unwelcome, but its potential benefits to learning can be 
subtle and beyond the learners' perceptions of the experience. 
Limitations of Constructivist Teaching 
Constructivist teaching sacrifices the breadth of coverage within a limited time 
of teaching. According to the findings, to cover similar amount of material, the 
constructivist teaching needed extra time in comparison to the teacher-centered . 
teaching. This issue had also been raised in previous studies (Lord, 1997; Tynjala, 
1999). There is a worry that students would leam less with constructivist teaching 
• . 
and some of the participants in this study also had a similar impression. 
Teacher-centered teaching might cover more material in shorter time but students 
might not necessarily remember everything taught. The results showed that the 
participants had a better retention of the material covered in the constructivist 
teaching than in the teacher-centered teaching because they were involved in a 
deeper processing of the material in class. Constructivist teaching might trade off 
the breadth of coverage against the depth of the processing of knowledge. 
Although the findings of the present study demonstrated how the constructivist 
teaching facilitated the using and creating of knowledge, there was still a missing 
piece, the seeking of knowledge. The students were involved in constructing 
knowledge with the material included in the course; they were not required to reach 
out and look for relevant knowledge. Principally, the idea that the learner searches 
for relevant knowledge may be implied in constructivist teaching when the learner is 
adapting to his or her experience，but this is not very explicitly emphasized. With 
regard to the psychology of constructivism, the focus is the learner's active role in 
constructing knowledge with the assistance of the teacher or peers, but not the 
learner to reach out actively for stimuli. 
Constructivism as a theory of teaching and learning has its limitations and may 
not encompass every aspect of learning. In spite of this, the ability to seek 
knowledge is not included as an objective or learning outcome in the latest version of 
. Bloom's taxonomy (Anderson & Krathwohl, 2001). None of the categories in 
Bloom's taxonomy seems to concern about the cognitive process of furthering 
knowledge about a subject. 
• . 
When learning is said to be life-long and continuous, the importance of seeking 
knowledge seems to be understated in these important theories. It has neither been 
given much advocacy in the theory of constructivist teaching nor included as an 
objective to be assessed in Bloom's taxonomy. 
The idea of learners furthering their knowledge by themselves has been a 
prominent topic in adult education, which is embodied in the concept of self-directed 
learning (Brocket! & Hiemstra, 1991). Self-directed learning can be seen as 
another approach to teaching and learning in which learners have the primary 
responsibility for planning, implementing, and evaluating the effort (Hiemstra, 1994). 
Like other alternatives to teacher-centered teaching, self-directed learning is also 
finding a place in higher education (Garrison & Archer，2000). 
Nevertheless, the many different approaches to teaching can be complementary. 
They should not be regarded as mutually exclusive, since the practice of teaching can 
be eclectic. Teachers should be aware of the tasks at hand and choose the right 
tools. 
Conclusion and Recommendations 
The present study gave a detailed account of the teaching and learning of a 
university course incorporating both constructivist teaching and teacher-centered 
teaching. The constructivist teaching had made a difference to both the classroom 
• processes and learning outcomes. However, the comparisons between the two 
teaching approaches were mainly qualitative. Further research on different students 
in different courses would increase the generalizability of the findings. Also, the 
• . 
assessment of the learning outcomes was cross-sectional. The long-term effects of 
constructivist teaching are questions that have to be examined in a longitudinal way. 
• . 
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APPENDIX A 
Pre and Post Class Interview Questions 
Class Question Teaching Question 
No. approach* 
2 1 T What is cognitive information processing (CIP)? 
3 2 T What is information display? 
3 C How do teachers teach according to CIP? 
4 4 C What is discovery learning? 
5 C How to set the questions for discovery learning? 
6 T How to choose a problem for discovery learning? 
5 7 C What are the difficulties of using metaphors and the solutions? 
8 C What are the benefits of using metaphors? 
9 C When to use metaphor? 
6 10 T What is metacognition? 
11 T How do people control their thinking? 
12 T What is a good planner? 
13 T What is self-regulation? 
14 T What can a teacher do with metacognition? 
7 15 T How to do demonstration? 
16 T What is play? 
17 C How do students leam from play? 
9 18 C What are the benefits of group work? 
19 C When to use group work? 
20 C What are the difficulties of group work and the solutions? 
10/11 Tl T What is motivation? 
22 C How to motivate students? 
• I 
* C: Constructivist; T: Teacher-centered 
• . 
APPENDIX B 
A Sample Interview Guide for the Pre-class Interviews 
The 5th Class 
So far，how do you feel about the course? 
Do you know what the coming class is about? 
Q7 What are the difficulties of using metaphors in teaching? 
What are the solutions? 
Q8 What are the benefits of using metaphors? 
Q9 When to use metaphor? 
Have you prepared for the class? How? 
• . 
APPENDIX C 
A Sample Interview Guide for the Post-class Interviews 
The 5th Class 
^ I What are the difficulties of using metaphors in teaching? 
What are the solutions? 
Q8 What are the benefits of using metaphors? 
Q9 When to use metaphor? 
What were you doing when the professor was demonstrating? 
What did you do during the discussion? 
What were you doing when the professor was summing up? 
What did you gain from this class? 
What do you think of this class? 
• . 
APPENDIX D 
The Interview Guide for the Final Interview 
Content Questions (Recalling) 
Class iQuestion Teaching Question 
No. approach* 
—1 i T What is CIP? 
""i 2 C What is discovery learning? 
6 3 T What is metacognition? 
4 T What can a teacher do with metacognition? 
~~9 5 T What is ZPD? ‘ 
6 T What is internalization? . 
7 C What are the benefits of group work? 
8 C What are the difficulties of doing group work and the 
solutions? 
10 9 C How to motivate students? 
* C: Constructivist; T: Teacher-centered 
Learning Process Questions 
How did you find the course content? 
What do you think of the professor's teaching? 
What are the things you like/dislike most? 
What will you say about your learning in this course? 
How did you do the assignment? 
What do you think of the assignment? 
Did you read all the E-mail? How much did you read (%)? 
Did you write any E-mail? What was it about? 
‘ Why did/didn't you write? 
What do you think of the E-mail? 
How did you prepare for the quiz? 
What do you think of it? 
• . 
How much time did you usually spend on this course per week (not including the class 
time and interviews)? 
What did you usually do? Anything different from other courses? 
How much reading did you read (。/。)？ 
What do you think of the group work/discussion in class? 
What do you think of your performance? 
Did you have any difficulty studying this course? What was it? 
What suggestions will you make regarding to this course? 
Did you skip any of the classes? How many? Why? 
How much do you like education as your major? 
• . 
IK 
• . 
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